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P KEF ACE. 


The papers contained in. this volume give tlie results of some 

investigations carried on in the Physical •tind in the Chemical 

liiiboratories of the Owens College during the last ftAv years. 

These investigatioiis were made by members of the teaching 

staff in conjunction with advanced students, and by Researcli 

Fellows of the College, working under the direction of the 

Professors- One research — that by Mr. J. A. Harker '*Orr tlic 

Reaction of Hydrogen witli Chlorine and Oxygen ’ — was begun 

in the Owens Coll^^ge and tinished in the University Laboratory 

at Tiihingeii. An accoipit of this work, translated from the 

ZcMfichi ■ifl J'iir Physlcalische Chemic, appeiy^s in English here for 

the first time. The paper by Mr. Haldane (’hie a^jd Dr, Harden, 

“On New Fon%s of Stereometers,” that by ]>r. Turptii “On the 

i)iir«ation of Chemical Action in the Explosive Combination of 
■ • « 

Cases,” and several laboratory notes by Dr.* 13ai]ey and Mr. 

Fowler, now a^jpear for the first time. The reinaining papers are 

reprinted ^'rom tlie Transactions and Procecdincjs of the Uojjal 

Socicti/f the Journal of the Chemical Society^ the Memoirs of the 
• * 

Ma7ichester Literary and Philosophical Society , and the Philo- 

sophica I M ayazine. 
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ON THE THERMAL CONDUCTIVITIES OF CRYSTALS^ 
AND OTHER BAD CONDUCTORS. 

By Chaklks H. Lees, M.Sc. (Late Bishop Berkeley Felloio at 
the Owens College^ Manchester). 

(Reprinted from \hc I*hil. Trans, of the Royal Society, W32.) 

• • 

Introduction. • 

O UR knowledge of the Thermal Conductivities oT Ci^stals is 
derived inaWy from the experiments of de Senarmont, 
von Lang, and Jannetaz,'*' who, usin^ the wax melting or 
analogous methods, 'have determined the ratios o| what may be 
called the “principal conductivities” and the positions of the 
axes of conductivity within a number of crystals belonging to the 
simple systems. According to their experiments the isothermal 
surfaces about a heated point in a crystal are, in general, ellipsoids, 
having their axdis parallel to the optical axes. In the case of a 
uniaxal crystal, this ellipsoid becomes a spheroid of revolution , 
about the axis, and is, as a rule, oblate 6r prolate according as 
the wave-surface for the extraordinary ra^ is oblate or prolate. 
Although this rule has a number of exceptions, it is sutliciently 
general to render it probable that there may be some relation 
between the passage of light and of heat through a costal. The 
recent determinations of the refractive indices of metals by Kundt 


* Senannont, Ann, de Chifii. et de Phys. (3), vols. xxii, atid xxiii 
(1848) ; von Xj&ng,^Pogg, Ann., vol. cxxxv (18G8) ; Jaimotaz, A7tn. de Chivi. 
et de Phys. (4), vol. xxix (1873). • 
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have shown that they stand in the same order as conductors of 
heat, and as to the velocity of propagation of light through them, 
and this fact brings again into prominence the old de^terrninations 
with respect to crystals. That the comparison which Kunjclt has 
made for the metals cannot be carried to otlier bodies is at once 
seen from the fact that the index of refraction of iron ditlers little 
from those of glass and several cominoner crystals, the conduc- 
tivities of which aiv;3 shown to bo very small compared to that of 
iron. • A comparison may, however, be possible among transparent 
bodies themselves, and the following experiments^ were made with 
the object of furnishing data for this comparison, the results given 
by previous observers dilfering greatly from each other. They 
have, however, been extended to embrace non-transparent bodies 
commonly in use in a physical laboratory, and about the con- 
ductivity of which we have had a very meagre or absolutely no 
knowledge. 

Outline of Method. 

The most important consideration in determining^ tiie nicrhod 
to be used is the fact that it is dihicult to get large pieces of 
the crystafs to be experimented on. This excludes methods 
requiring large plates, such as that of Webei and Tuschuiid, or 
largo spheres or cubes, ^sucli as that of Kirchhofl* or Tliomson. A 
method which seemed to present several advantages was the one 
first suggested by Lodge and wiiich may be called the divided 
bar ” method, and after some preliniinary experiments had been 
made to determine its suitability, it was finally » adopted. It 
consists in observing the temperature along a bar heated at one 
end and cooled at the other, and divided halfway between the 
two ends by a plane perpendicular to its axis, when (1) the 
divided ends are together, (2) a disc of the crystal or other body 
is between. • 

If temperature observations are taken at several jjoints in each 
half of the bar, the corrections to be applied to the second set of 
,observati<5»s for the distances of the points of observation from 
the contacts can be detemiined from the first set, and thus the 
temperature at each side of the crystal disc can be found. If, in 


Phil. .Uag, (5), vol. v. p. 110 (1878).* 
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addition, we know the thermal conductivity of the bar used, the 
amount of heat flowing through the disc can be found from the 
temperature slope ; and thence we have tlie thermal conductivity 
of the ^crystal. 

It maybe noticed that there Avoiild be considerable uncertainty 
as to the nature of the contacts between bar and crystal unless 
some special precautions were taken. Lodge proposed to use 
pads of tinfoil to obviate this difficulty, but tins method is not 
satisfactory. The difViculty has, however, been completely- ov(5x'- 
come by using liars of a material which would amaigarnate, and 
making the contacts by means of iiiercury. * 

Deschiptton op ArPAKATus. (Fig. 1.) 

The bar used in the experiments was one of brass, which 
presents several advantages. 

(1) It readily amalgamates, and therefore enables good con- 
tacts to be made. ^ 

(2) Its conductivity is not so high as to make comparison 
between it^-nd that of crystals, t^c., impossible. 

(3) Its conductivity, according to Lorenz* increases with the 
temperature, a fact which, as will be seen later, partly neutralises 
the deviation of tlvi cooling from Newton's law. 

The diameter of the bar was 1*93 cm.* and its length 67 cm. 
To each end of the Bar was scJldered a can ; through one of these 
cans steam was sent, and tlirough the other water. The whole was 
arranged in a wooden frame, so that the bar was horizontal and 
exposed to the air over a covered tank through which a eurient 
of water could be sent to keep the temperature constant. The 
apparatus was slirrounded by paper screens to protect tlui bar as 
far as possible from air currents in the room. 

The cans at the extremities of the bar were supported on 
slides attached to the framework in sucli, a way that the bar 
could be moved parallel to itself by screws passing through the 
framework and bearing in conical indentations in the backs of 
the cans in the prolongation of the axis of the bar. Tl^^iise supports 
were sufficient while the bar was entire, and tlie experiments to 
determine its conductivity were being made. After tire bar was 
cut for the insertion of th6 discs, it became necessary to support 
the cut ends inASuch a way as (1) to enable the motion of the bar 



CHAKLEb H. LEES, 


parallel to its axis still to take place ; (2) to enable the cut facea 
to be adjusted parallel to each other ; (3) to cause as small as 
possible a disturbance of the isothermal surfaces. These objects 
were secured by supporting each free end in a loop of thin strings 



Fig. 1. 


hanging from the upper part of the framework. Tlie ends of this 
loop were attached, Jbo screws for the purpose of raising or lowering 
it as required. The sides of the loop made an angle of 60 ' or 70^ 
with ca3h other at the bar. These loops we^-e sufficient to support 
the bars properly if the arrangement was kept horiisontal. It 
was, however, found that the meycury contacts could be iDade 
wdth much greater certainty if the bars were vertical and the 
mercury surfaces horizontal. On this account two otlicr loops 
were attached to the lower part of the framework and passed over 
the bars. Tliese were elastic, and served merely to keep the 
upper loops’taut, and the bars in the same positions with respect 
to each other, whether the framework was horizontal, as in the 
experiments, or vertical, as in making the mercury contacts. 

MeASUKEMKXT of TEMnEUATUKE. 

The most direct method of measuring the temperature along 
the bar sink thermometers into holes in the bar ; but this 
'method, although it lias been used by Forbes, Tait, and Mitchell 
for their.large bars, is very objectionable, as it diminishes the 
available area of flow, and therefore nib^kes the change of tempera- 
ture along the bar more rapid than it would be for a continuous 
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bar. The method first used by Wiedemann and Franz of measur- 
ing the temperature by means of a thenno-jiinction brought into 
contact with the bar is free from this objection, and will produce 
no appreciable effect on the distribution of temperature in the 
bar if the mass of the junction is not large. 

The bars used by Wiedemann and Franz had a silvered 
surface, .and it was sufficient' to bring the thermo-couple into 
(jontact with the surface in order to get the tepuperature. In the 
later of the following experiments the bars were painted, sD ttmt 
contact could ndt be made in this way. Small coiical lioles 
about '5 mm. deep were, however, made at^opp'osite extrenrities 
of horizontal diameters of the bars, and at regular distances along. 
Jhght sucli diameters were taken, the two nearest the centre of 
the uncut bar being 1 cm. apart, and the rest 10*5 cms. apart. 
Kach of these small lioles Avas amalgamated, and sufiicient 
mercury left in them to make good contact with the ends of the 
two wires which wei^ used as a thermo-couple. 1'he thermo- 
circuit woi|ld thus consist at the bars of — first wire of couple ; 
mercury of first hole ; brass of bar ; mercury hole at opposite 
extremity of diamc3ter ; second wire of couple. The^mercury in 
the holes \vas constaiptly cleaned by touching the surftwe with 
dilute nitric acid,* washing and drying,^ and the ends of the 
thermo-cou];)Ie wires were kept bright. Under these conditions 
the arrangement w^orked satisfactorily. 

The wires used originally for the thermo-couple were of brass 
and iron, but these gave unsatisfactory readings, mainly on 
account of the poor contact between iron and mercury. As tliere 
is an advantage^ in using copper as one of the elc»nents, a few 
combinations of copper with other metals and alloys were tried, 
and eventually the platinum-silver alloy used for resistance coils 
was selected as the other element. This couple gives an B.M.F. 
of about ‘OOOIG volt for 70’’ difference of lemperatuic, and its 
constant only increases about 7 per cent, for 100’ C. It is, 
therefore, well suited for thermo-electric measurement of tem- 
perature. The wires used for the thermo-couple ^ere about* 
20 cms. long and *2 mm. diameter. Tlie ends which served to 
make contact with the galvanometer circuit dipped into mercury 
cups in blocks of wood which could be moved along guides parallel 
to the bars in orcter that the whole of the •temperature ol)servatic)ns 



CH.VKLKS H, Lin^lS. 


r6 

could be made witfi one coM])le. The cup into which the platinum- 
silver wire dipped was provided with a thermometer gi’aduated 
in -iV C. 

The galvaiiomefcor was a low resistance one of the Wiodomann 
type, with Siemens’ bell-magmjt and copper damping sphere. 
The resistance of the whole circuit was only about 1-5 ohm, and 
as the resistances of the contacts at the holes in the bar might 
vai*}'. it was necessary to take measurements of the resistance of 
tlie circuit when a galvanometer deflection was taken. For this 
purpose Thomson’s modification of the bridge iiiethod was used. 
The diagram (Fig. 2) shows the arrangement of the circuit. 

G is the galvanometer in series with the thermo-element. C, 
D, E are three mercury cups, arranged so that wlien E and D are 
connected, the galvaiiometer and thermo-element are in circuit 
alone, and when C and 1) are connected tlie galvanometer and 
element form one side of tlie bridge. K is a reversing switch, and 
Z/ a key. AB and -dZ^are each 100 ohms' from post-office box; 
FE is a multiple arc box capable of adjustiiient to . ohm. The 
resistance B of the^galvanonieter circuit is found by adjustiiig FE 
so that there is no effect on the galvanometer on pressing down 
L, first^with K in one direction and then in the other. The coil 
M is introduced in the battery cii-cuit to coiuireract the effect of 



the current through tlie' galvanometer while making those obser- 
vations, It will be noticed that the current in it is reversed by 
the operation which reverses the current in the galvanometer 
tcoils, and*that the galvanometer needle is therefore kept close to 
the zero of the scale during the whole of the observations. 

Let tfie values of the resistance EF determined as above be 

c '* 

R, and R., auddet P be the resistance of each of the arms AF^ 
AB, W that of the coil 3/, E the E.M.P\ of the Battery, e that of 
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the thermo-element. Then writing down the condition that A 
and E liave the same potential in each case, we have 

(E + c) ■: - - -= 

. P + K + 2W P + Ri + 2\V 

(13 - e) - ^ --- - 

P + K + 2\V P + R. + 2\V 

Hence 

2 „ J 1 __ 

p R +liw “ P +li, +‘2\V P*+ R^ + 2W’ 

M’hich gives • 

R _ R, + R. _ H (R, - K.) 

2 P + * (R^ + R.) + 2W 

The last term of tlie right member of this equation never 
exceeds ,.^ 1 , and may therefore be neglected, and we have 

R ^ (R^ RJ. 

The constants of the thermo-couple were determined by com- 
parison with a theriiioinetor reading to degree Centigrade. An 
auxiliary iion bar of 80 cms. length and 2*5 cms. square cross- 
section,. was placed horizontal and heated at one end and cooled 
at the other by the waste steam a)ui water respectively from the 
principal bar. The upper surface of this auxiliary b?ir was tinned 
and amalgamated^ On this surface two copper mercury cups of 
1 cm. diameter and 1*8 cm. height wferc placed. The under 
surfaces of these cups were* amalgamated so as to make good 
contact with the iron bar. The insides of the cups were amalga- 
mated, and eacli cup contained suflicient mercury to fill it entirely 
when the tlicnnometer was placed in it. At opposite extremities 
of a diameter, about half way down each cup, two small holes 
like those in tlfe divided bar were punched, and itito these holes, 
which were unialganiated, the wires of the thermo-couple could 
be inserted. The constants of the coupltf are in this way deter- 
mined under exactly the same conditiois ojs when they are in use. 
The iron i)a]: was buried in sawdust, and the copper mercury cups 
placed in such positions on the upper surface that the thermometer 
read in them 90'- C. and 55° C. respectively. After jbiio insertion 
of the wires of the thermo-couple into the holes of the mercury 
cups, the cups were surrounded with sawdust, and *10 minutes 
allowed for the temperatfire of the cui)s to got nearly as^possible 
uniform before? observations were taken. 
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In an experiment made in the early part of the work the 
following observations were taken : — 

(rt) Temperature of hot junction, 85'^90 C. 

Temperature of cold junction, 15'^’67. 

Deflection of galvanometer in scale divisions, 296. 

Kesistance of circuit, mean of observations taken, as pre- 
viously described, 1*431 ohm. 

E.M.P. of element in units used, 423*6. 

,(b) Temperature of hot junction, o5^'60. 

% 

Temperature of cold junction, Ifi ’*74. 

Deflection of galvanometer, 162*3. 

Kesistance of circuit, 1*448 ohrn. 

J3.M.F. of element in units used, 23»'j*0. 

These obsei valions are sufficient to determine the constants in 
the formula c ^ a — t^) (1 + b i., + t^) where t,, and t ^ are 
the temperatures of the hot and cold junctions respectively. It was 
found more convenient for the reduction of observed E.M.F.'s to 
temperature, to draw up a small table of values of a (1 + h ) 

for different values of t» + Thus, for the above obifervations, 
we have : — • 


« 

— • 

#• 

i 

/•j “f" ^ 1 • 

■ #... . . 

Di fTcrcfcnces. 

101 C. 

(>'u;io 

• -4- 2^- 0. 

-f- -OOO 

01 

TrOSO 

4 

•018 

81 

:»04o 

(» 

•OJ7 

71 

01 


S 

•o;j(i 

.U 

41 

;n 

* 

^*715 


« 

« 


By inspection we liave the divisor for converting E.M.F. obser- 
vations to teinperature difference, since in every case -i- is 
known approximately t6 within one or two degrees. 

The value of a {i + h t., ^i) is seen I’roju the abo\*G table to 

change only^about 7 per cent, for 100' C. of change of -h A? 
thvj platinuin-silver-coi)per element is therefore well suited for 
thenno-elecfric observations of temperature. 

The determination of the constants of •the element was repeated 
every few days during the progress of the work, The value of a 
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was found to diminish slowly, the total change din ing the three 
months during which the couple was used being about l o per 
cent. 

The temperature of the enclosure in which the divided bar 
was suspended was determined by means of a thermometer 
graduated in degrees, placed about 7 cms. above the top of 
the water tank, and about 15 cms. below the bar. The Inilb of 
the thermometer was protected from radiation^ from the hot bar 
by a small sheet of paper, just large enough to screen tiu? bi;lb. * 

• 

Detrkaiination of thk Thermal Conductivity of tjip: 

Brass Bar. 

The thermal conductivity of the bars was determined, following 
the method of Forbes, by two series of experiments, the lirst to 
determinii the law connecting the rate of loss of heat from a 
heated surface, with the temperature of tluit surface, and the 
second to detei niine tlje law of steady distribution of tompevature 
along a bar heated at one end, and exposed to the air along its 
entire Jengflj. These two observations furnish data for deter- 
mining the tlicnnal conductivity required. 

^ CooiiiNo ExrEKniENTS. 

It is (iustomavy in making these expefiments to use a short 
lengtli of tlie liar used in the steady experiments. . I have, how- 
ever, shown that the law of cooling is the same for bars of different 
material, but of the same cross-section and surface ; and as a 
knowledge of^the specific beat of tJie bar is required, it seemed 
better to make use of a bar of a material the spocitic lieat of 
which is well knoVn, rathei- than a brass bar in these experiments. 
As the values found by dilferent observers for tlie specific iieat of 
copper are practically identical, this metal \vas cliosen. As it is 
a better conductor than brass, it also en£^des the assumption 
that the temperature throughout the bar is tlie same to bo made 
without mucTi chance of error. The bar was of the same diameter 
as the brass bar, 1*93 cm. and 20 cms. long. It had«a polished^ 
nickel-plated smlace. To make the cooling experiment correspond 
more closely to tliat of an infinitely long bar, tlie ends ot the bar 
were covered with a layer <5f sulphur about 5 mnis. thick. ‘This 
was done by plaeing the bar vertical, wrapping a sheet of paper 



,10 


CHAltliKS H. LHKS. 


round the upper end, so as to project about 1 cm. above the end, 
and then pouring melted sulphur into the paper cylinder. Since 
sulphur is an extremely poor conductor of heat, it may be assumed 
that tlie loss of heat from the ends of the bar is very small.. 

The bar was suspended in the position occupied afterwards 
by the divided bar by means of threads. The ttoiperature was 
determined by moans of the platinum-silver-copper wires inserted 
into small holes amalgamated and filled with inex'cury, on opposite 
sides of a diameter at the middle of the bar. Observations of 
current, resistance, temperature of the cool juiYetion, and of the 
enclosure, were made every two minutes during the experiments. 
From these observations the temperature of the bar at any time 
is determined, and curves drawn for each experiment showing the 
connection between time and temperature of bar and of eYiclosure. 
Of these curves that which corresponded most nearly with the 
mean of all was selected, and is referred to in what follows. 

If m is the mass of tlie bar, s its surface', c the specific heat of 
the material of the bar, c the excess of the tempera^ture of the 
bar over that of the enclosure, which will be supposed constant, 
we have, as the connection between v and lime, 

' dr / 

iiLC -- + Hh,.r Or. (F) 

% 

where is a quantity which is generally assumed to bo constant 
(Newton’s la\N), but which I have shown increases for a nickel- 
plated bar of the size used 70 or 80 per cent, for 100 ' C. rise of 
Ill tlie paper refei red to this rise is expressed by writing ho" 
where n is a sinall fraction ---• \ about. In that paper v was 
always positk/e. As in the following work v is sometimes negative, 
in which case r" would require special interpretation, it is prefer- 
able to write h^. It (1 -f- hr) where b is a small positive quantity. 
The foregoing equation becomes, then, 

me + fill (I -j~ hv) V -- 0 ... (2") 

dt o 

tlie solution of which i.s 

+ h - : ( 3 ") 

V 

where A Is an arbitrary constant. 


rhil. vol. xxviii, p. 429 (18S9).' 
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The following table shows that this equation represents the 
cooling with a fair amount of accuracy for h --- -008. The tem- 
perature of the enclosure has been assumed constant - lo ’'2 G., 
but in» reality it varied from 15 '*3 at the commencement to 
at i — 10 minutes, and thou down to 15-*2 at 40 minutes, 15''*18 at 
60 minutes, 15^1 at 70 minutes. On this account no attempt has 
been made to determine h witli. greater accuracy ; the value given 
above is determined by trial. 


CooiiiNCr OF Nic^vRii-pijATm) Bah. 

...« 


t ill 

miiiuLos. 

Toiiiperature. 
- i5 ‘JC. 
r. 

.. 

l/r. 

Mr; -}- b 
\ic::r'b'h 



■ l>h!c»> > lliO 

e 

0 

75-4 

*01320 


M'eaus. 


(;o-2 

1115 

•0400 

1 

4 

(>4 -03 

!5(>2 

504 

•01(>8 

(> 

5S'(17 

1701 

434 

8 

51*3(5 

IS40 

4s5 

i 

10 

50 1 4* 

1004 

448 

1 

I'J 

1(.)'5.S 

2147 

182 

\ 

J4 

43*30 

2300 

470 

I 

U*> 

40 -KJ 

24<H> 

15(T 

•0407 

IS 

37*37 

2(570 

401 5 

1 m 

J» 

34-S(^ 

2S71 

400 

) 

*»•> 

32*43 

3084 

450 

\ 

‘Jl 

3(»*3I 

3200 

• 175 " 

1 

L’O 

28*2S i 

•3531 5 

1 454 

•0102 

2S 

20 -43 i 

37S4 

450 

11 

1 

^iO 

24*72 i 

j 

4045 

403 


23* 10 ! 

431 S 

1 407 

1 

i\ 


21 *77 1 

4503 

1 41H» 

!' 

yo • 

20* 14 

i 4S02 

i 474 

; ■01(5(5 

;.is 

10*10 

1 523(5 

i 430 


j 40 

• .17 '03 

1 557(5 

i 4(57 

i'- 

1 43 

hi -22 

01(55 

1 428 

I \ 

4(5 

14*05 

0(580 

i 528 

!l 

40 

13*37 1 

7315 

! • 470 

: 0474 

52 

12*40 i 

sooo 

: 47n 

! 1 

55 

11*41 

•087(54 

i «i(:55 

1* 

GO • 

0-8S 

•1013 


j 

1 05 

70 

8-51 i 

7-21 

1175 

13S7 

i ‘WW 

i ’ ' 

•0154 

i 

(J*2(> 

1507 

I' ! 



The mean of the values of e is -9406. 


Hence we have 

• ^ I'JO (fflit'lhi 


1 

9406 


^, 1 - 0504 . 
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Therefore 


at = X -- == -0004572. 

cm -4343 120 


Now, m — 676 grms., ,s — 157*6 sq. cjns., c — 
Hence we have h ™ *0001801, 


•093. 


The heat lost from a nickel-plated surface exposed to air is, 
therefore, 


•0001804<; (1 + -OOSi;) grain degrees per sq. cm. per second, 
where v is the excess of temperature of the surface over that of 
the air. 


Statical Ex^euiments. 

These experiments were made with the brass bar before it was 
cut. One end was heated by steam, and the other cooled by 
water. Bight observations of temperature were taken at different 
points of the bar in the way previously described. 

Let V be the excess of temperature at point x of bar over that 
of surrounding air, • 

2 ) ■--- perimeter of cross-section of bar, 
q — area of cross-section of bar, 

— thermal conductivity at temperature excess 
Ther, at any point of the surface of the b^r, we have 

1c, t!. + kv (1 + Iw) = 0, 
dll 

where dvldn is the rate of change of v along the normal to the surface, 
.S', li^ and b liaving the meanings assigned to them in last section. 
At V := 60'' C, this gives 

k/t = _ -OOOIB X 60 X 1-5 
V <ln. 

- -0162. 

Now kr will be seen later to have the value *27 approximately. 
Hence, at a point of surface, at the temperature of 60'‘ C. excess. 


At the same point on the surface dcjdx 2*5 approximately. 
Hence, the inclination of the normal to the isothermal surface at 
this point thoj axis of the bar is arctan *06/2*5 “ arctan 
*024 - T' 25'. If the isothermal surface be assumed to be part of 
a sphere, the radius of curvature is about 42 cms. At 15 ' C. 
excess, ‘a similar calculation gives the radius of curvature of the 
isothermal surface to be 60^cms. 
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Hence we may assume the isothermal surfaces to be planes 
perpendicular to the axis of the bar. 

The equation for the motion of heat in the bar is under tliese 
conditions 

(1 + hr) (4) 

The conductivity lias generally been considered constant in 
treating this equation, but this is scarcely justifiable, as most ^ 
experimenters find changes of 4; 20 per cent.* in conductivity tor 
100' C. change of temperature. Taking therefore as equal to h 
(1 + av) the above equation becomes 

. ■ . (5) 

dir \dx/ qk 

Multiplying through by 2 (1 + av) {dvjdx), this becomes 


2 (1 + avf 4- 2« (1 + av) f*)' - 

^ ’ (Ix^dx- \dx) dx 

= i; (1 4- (1 + ov) 

qk d.r 

I . dv\ '^ n vU , . • .. . . ... u 


sr(' + '“■£)’ <*'+“+ 

From wliich by integration we obtain 
A'.-. M 9. « + 




, 1 4- rtf 


xJ qk \ 8 » 


)-»y4 

t 2 / 


+ constant. 


\ dx/ q k \ 8 t 2 / 

If the value of dcjdx when*/- 0 be d'L\^jdx, the above equation 

« 

becomes 


/ d 

I i 4- (ff' ■■ 

'T - (- 


(i + 

1 o,b .,i 
+ - v‘ 

V ' d. 

;r/ 

lx/ qk 

V 3 

2 / 


If dcojdx 0, the integi'al of this equation can be expressed in 
terms of logarithmic and circular functions. If Si\,jdx 0, the 
integration introduces circular functions and elliptic integrals of 
the 1st and 3rd kind. If the problem ander discussion were — 
given the conductivities — to determine the d^istribution of tempera- 
ture throughout the bar, this integi’ation would be necessary ; but 
as we are given the distribution and have to find the conductivity, 
the problem can be solved without further integratioij.. Although 
this method is probably not as accurate as that depending on the 
integrated equation, its accuracy is sufficient for tiie present 
purpose, where the value n^f the conductivity is oply requiKHi over 
a small range - C.) of temperature. 
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To detcrmir.e dv jdx at the points of observation v is represented 
by an einxnrical function of .r, and the differential co-elficient with 
respect to x taken. The known conditions which v satisfies, fix, 
to some extent, the function to be used ; we see, e.//., that it 
vanishes for some value of :i\ and that at tliat point the first 
differential co-efficient is finite ; that it increases in one direction 
with X in an approximately exponential manner. These con- 
;si(ferations lead at once to the function A sinh (Aic + /?), and this 
function has been used. It evidently cannot express ?; accurately 
throughout the bar, since it is the solution of a linear differential 
equation, but it can be made by a proper choice of the constants 
to represent the main feature of the curve, the differences l)etween 
its values and those observed being afterwards repi'esented by an 
additional expression, which has generally only small values. 

For the curve which corresponded best with the mean of the thre(3 
sets of observations taken, the value of v is represented along the 
cooler part of the bar by *795 cosh *0378 + 11*86 sinh *0378 x. 



V ealfulatcd. 

V observed. 

DilTereiieo. 

( l,r. 

0 

•S 

•H 

‘ 0 

•4is 

JOeU 

5*72 

0*72 

0 ! 

■497 

m -04 

11 e*J 

lln:3 

•4- -01 1 

•(J24 


19*17 

19 IP 

-r -01, : 

■So2 


- :>0 07 

20 09 

-r -02 

•PvS 1 


;U-2:3 

;{| -20 

- 0:1 

1 *20.2 


47-24 

47 "SP 

■}- ’Ol 

! -971 

C4<« 

70 -()4 

7o*47 

•H2-So 

;.j-ool> 


The differences, with the exception of the last two, are within 
the limits of (utov of observation, and may be neglected. The 
last two may be taken into account by adding to the above expres- 
sion for between ^ 43 and x 04, an expression of the form 

- f Itf'O-)’ + ('" 10-f ) '■ ‘ " 


•067. 


The values of the differential co-efficient of tliis expression 
at 43*?5, 53*59, 64*03 are 0, *123, *294 respectively. Dif- 
ferentiating the hyperbolic expression for o we liave dvjdx 
*03005 sill’ll *0378 x + *4183 cosh *0378 which gives, on sub- 
stituting for X the co-ordinates of the 'points of observation, the 
required values of dvjdx^ to which, at u: 63*53 and 64*03, w^e 
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must add the quantities *128 and *294 to get the true tempera- 
ture slope. The values thus obtained are given in the above table. 

Having thus got the values of v and dv!dj. at eight points on the 
bar, we can by trial determine a so that the equation (6) holds. A 
few trials show that a is positive and equal approximately to -002. 
It is not necessary to doterminfi a with any great accuracy, as it 
affects very little the subsequent work. Assuming a -1)02 we 
liave the following table of results : - 


1) 

•8 

■618 

•‘JOI 

] -(Ktl -(XIKi 

i lor.!) 

0-72 

8.8-06 

-J.^8 

•UK! I -(Jttl.’) ; 


21 *1)4 

1 1 58 

14.8-8 

-106 

143 ; 


.‘{| V)."^ 

lO'bS 

415 

•7sl 

iH!l40' 


82 -.on 

20-1 in 

450 

: -8.80 

'(KjlJm, 


4;j'ir; 

81 -JO 

1174 

i 1 -706 

i-.j'.x:; -(ii.uyG' 

: ri3 o‘) 

47-80 

8(K'.7 

! 4'66() 

4-4(:!(i : -(Ktl 43 i 

1 64 '03 

78 '47 

8JG0 

1.1 ‘860 

l l-l.iOO : •i.H»]4 | ! 

Column, (5) 

'« 

givcjs the values of 


l' - (2)'. ""‘i 

column. (()) gives the values of 





/ dvV 

(dry 




•V (lx) 

\dx} 




■' /j ^ ^ « 

V + 




.V .3 



wdiich by equation (0) ph jij[k. 


Neglecting the first two numbers in column (6), which are 
uncertain on account of the smallness of the quantity (5) at the 
cool end of the bar, we have, as the mean value of yy/z/V/t, '00141. 

Hence 

__ ph " 2*093 X '0001804 ‘0003777 _ gram. 

- '00141 r/ '00141 "" '00141 " cm. sec.* 

The temperature of the air in this experiment was 17"^ C., hence 
we have for the thermal conductivity of tho-brass bar used"' 

= -268 (1 + -002 7-17°) . 

cm. sec. 

* The following values of k for brass have been found by different ex- 
perimenters : Neumami, Ann, de Ghim, ct dc Pliijs, (^i), vol.., Ixvi (1862), 
■302; Weber, Mmatsber, Berlin Ak(id, for 1880, p. ^57, *150; Lorenz, 
Wied. Ann., vol. xiii (1881); “red brass,” *252 (1 + *0018 i.) ; “yello\^ brass,” 
•212 (1 + *0020 f.).f 
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Experiments on Crystals, &c. 

Before cutting the bar for the insei tion of the discs the con- 
ductivities of which were to be measured, several observations 
were made of the distribution of temperature along the bar after it 
had been painted with AspiiiaU’s enamel. It is necessary to have 
the radiating surfaces of bar and discs the same, and this is 
most easily secured by painting both. The loss of heat from a 
point of the surface at any temperature is about 40 per cent, 
greater than the loss at the same temperature for the nickel- 
plated surface, but it does not increase as rapidly with rise of 
temperature. On tins account it is possible to express the distri- 
bution of temperature along the bar in the empirical form v = 
A siuh -f /?), and A, a, and jS can be determined so that this 
equation liolds with a closer approximation than in the case of 
the unpainted bar, throughout the whole length of the bar. It is 
assunied to hold in what follows for eacli half of the divided bar, 
a having ilie same, but A, fi having different values for each half. 

The bar was divided in the middle, between the contact holes 
1 cm. apart, and the ends ground down to be as nearly as possible 
planes perpendicular to the axis of the bar. To secure this a 
verticj^l hole, a little larger than the bar, was drilled in a prism 
of wood, 30 cms. x 20 cins, base, and 15 cms. height. This was 
done in a drilling machine, the table of which was found to be 
perpendicular to the spindle. One of the bars was then fixed by 
wedges into this hole in sucli a way that a point, wliich when the 
bar was in position would bo the highest point of the cut surface, 
came in contact with a mark on the block of wood. The block 
and bar wer^ then moved about on a stone and afterwards on a 
slate slab, till the sm*face was plane and smooth. The other bar 
was then fixed so that the lowest point of the cut surface came 
into contact with the same mark, and the surface rubbed down. 
This process secured tliat the cut surfaces should be parallel to 
each other when the bars were co-axal. To secure ‘Mid test that 
the surfaces were parallel when the bars were in position in the 
frameworks two test gauges were made, one for testing the upper 
surface and the other the side of the bars. The bars were taken out 
of the frame and placed vertical, the upper bar resting with its cut 
surface accurately on the cut surface of the lower bar, and not 
being supported by any oilier means. Four screws on each gauge 
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were then adjusted so that they would touch four points, two on 
each bar near its extremities. By applying these gauges to the 
bars when in position, either in contact with each other or vvitli a 
disc between, it is therefore) easy to make the required adjustment, 
of the cut surfaces. 

The surfaces were now’ amalgamated, the amalgamated 
surfaces brought tj^gether, and experiments made on the distri 
hution of temperature throughout the bar, to test tlie efficiency of 
the mercury contact. When the bar was uncut, the difference of 
temperature obsev/ved betw’eeii the points in the middle, 1*05 cm. 
apart, w^as, as a mean of three experiments, •76'' C. With the 
cut bar and the mercury contact, the distribution of temperature 
ill the other parts of the bars being the same, the difference of 
tompei aturo observed wtis *64.'^ C. Tiie cutting and grinding of tlie 
bar had reduced tlie distance between the points of observation to 
■88 cm., hence if the mercury contact lias no appreciable resistance 

the fall should be ^ •65'-, whicli is, within the limits of 

105 

error, wdiat'w’as observed. Hence, as far as the distribution of 
temperature along tlie bar is concerned, the mercury contact 
secui’cs practical contmuity. Occasional tests W'ere mado^uring 
the course of tlie *-work to see if this continued to hold. The 
resistance of the contact was found to increase slightly. Tliroe 
tests made at the end of the work gave '78 ' as the difference of 
temperature. This is equivalent to an increase of distance 
between the points of observation from -88 cm. to 1*06 cm., and 
is pvobalily cruised by the gradual soaking of the mercury into 
the brass. Account is taken of this in the following calcula- 
tions. 

The conditions of the above experiments are not quite the same 
as in experiments with crystals, t^c., for w^bilc in the above there 
is only one mercury lilni,in the crystal experynents there ai e tw^o. 
To investigate the effect of this, a thin film of mica, about *0008 
cm. thick, was inserted. Although tliere arc then two films of 
mercury and a film of mica between the bars, no change could be 
detected in the difference of temperature of the observing points. 
The same held on insertion of a piece of platinum foil *0025 cm. 
thick. The corrections for the short length of bar and inevcui A 
contact betw een ^he points at which the temperatures are observed 


^7 o y'l 
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and the surfaces of the discs, can, therefore, be determined from 
the observation with the amalgamated ends of the bars in contact. 

In preparing the apparatus for an experiment, the bars and 
framework were placed so that the bars were vertical, with the 
cool bar at the top. The bars were taken out of the frame and 
the holes and contacts cleaned with dilute nitric acid, provided 
with mercury, washed, and then dried by filter paper. The hot 
bar was then inserted into lower part the frame, and if a disc 
was to be experimented on, it was placed on the mercury surface 
and the excess of inerciiry forced from under it. < In the ease of a 
transparent disc it was possible to see that the mercury formed ii 
perfect mirror. The cool bar w-as then put into tJic upper part of 
the frame, and held up, in contact with the centre screw at tlio 
top of the frame, by means of a spring. Tlie amalgamated eml 
would be thus brought about *5 cm. above the upper surface of the 
disc. It was then supplied with mei'curj', which hung down as a 
pendent drop. The upper screw was then^turned till the end of 
the upper bar was about -o mm. from the upper surface of the 
disc. In this position the gauges were applied to tffe bars, and 
the loops so adjusted by means of the screws at their ends, that 
the four pokits of each gauge touched the bars. The upper screw 
was then rotated till tlie upper bar came nitp contact with the 
disc, and the excess ofmiercury was forced out. The frame was 
then placed over the water tank with the bars horizontal, and con- 
nections made to the steam and water supplies. The apparatus 
was allowed to stand about one and a half hours, in order that tlie 
distribution of temperature might become steady before observa- 
tions were taken. .Almost invariably on taking the bars apart at 
the conclusion of an experiment, the discs were 'found to adhere 
to the cool bar, and in the case of transparent discs this enabled 
it to be seen if the contact between the cool bar and the disc had 
been good. It was generally found as good a mirror as the con- 
tact between the hot bar and the disc. Some experiments were 
however made to try the effect of making contacts'’ which were 
poor as ffy* as could be judged by the appearance of the mirrors. 
‘No difference could be detected in the observations between an 
optically good and a bad mirror, so tliat a few experiments, in 
which, the contacts were optically defective, liave been included in 
the results given. • 
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Ebduotton op Observations with Discs. 

We have seen that the temperature thi’oughout any short 
length of the bar may be represented by tlie empirical equation 
V x\*cosh a./; -f B sinh ax. We assunuj that this equation holds 
for the first three observations on each side of the disc, and thus 
have, if :r.., are the co-ordinates of the points of observation, 
measured from tlie surface of the disc, and r,, r^, Cj the observed 

temperatures, • 

/), =• A cosh aj'i + B sinh tt.rA 

0 ).j -- A cosh a.r.j 4- B sinh ax., I 
i‘:, A cosli tt;/-;. + B sinh a./*;}) 

These three equations are sufficient to fix the values of the con- 
stants A, B, a, but their solution is difficult unless — .>>. ~ 

This relation is very nearly satisfied by the points of observation, 
in the hot bar, -- .r, =-- lO-oG cms. X:^ -= lO’ll cms. ; in tlie 

cool bar, -x. — Xj 10 61 cms. ~ x.j^ — I()-48 cms. 

The error introduced by assuming each of those intervals 
T- 10*5 cms. is HTiiall enough to be neglected in the cool bar, but a 
small correction is necessary in the case of the hot bar. 

If dv.j/dr. be the value of dv/t/x at the point we have for the 
teinperature /;./ at tlie jpoint ;/*i + 10*5, 

•• rJ 

dx • 

Now dcjdx is found to differ little from 1 for any of the 
experiments,'- and we may, therefore, with sulTiclent accuracy, 
take -- 'r.» — -06. 


* Tho valued of dvjdx may be determined as follows. By Taylor’s 
Tlioorem we liave — 


I + 0 - / (•'■) = If <*) + r (*) + f" (.<) * c^-c. 

/ (...) - If (x) - /" (.. ) f" + &0. 

Tliereforc f 0* + /)_ " fj^ d fn 


Putting V — / (.i:) wc Imve, since for any short length of the bar ~ 

/" (.r) ^ {x). 

Therefore / v _ f (x l\ - f (x - 1) 

. 

The value i for this point of the bar is in afl the cxpcrinnmts 

approximately *04.. • 
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Making use of vj we have from the three temperatures^ 

-4- r 

cosh tt/ 

2r; ^ 

where / — ~ .Vy -- This equation dotermincs a 

from any three observations of temperature. The mean of tlu! 
values thus determined for different points along tht^ bars and for 
different experiments is used in the subsequent work. 

We have then the equations 

i\ -- A cosh a./'i + B sinh a./', \ 

V.. - A cosh ax., -f B sinli a.r, \ 

where cosh a./’,,sinl! a,/,, cosh ax.., sinli ax,, are known (Quantities, 
to determine the values of A and Jh 

Differentiating the equation r A cosh a.r -|- 1> sinh a.r and 
puttifig a-“0, we liave at the surface in contact with the disc, 
r A, dr/dx 

The isothermal surfaces in the discs themselves may be assumed 
to be j)lanes, for a small calculation, like that made (p. 12) for the 
bar itself, shows tliat the radius of curvature of these surface.s is 
about Jo cins. WrUing tq, a., for the co-ordinates of the surfaces 
of the disc, A,, A.^ the temi)eratures detctiiniued as above, Qi, Q. 
tiic valt.js of /r, aB in the bars at the sui faces in contact with the 
disc /q being the conductivity of bars, and k that of the disc, wc 
have for the teiiiQ)erature in the disc,* itself : 


A, sinh fh + A, sinh . (/,• r 

sin.li v—,- fi- — (ii 

Differentiating and writing down tlie expressions, for the flow of 
lieat into and out of the disc we have the equations : 




A.. ~ A, cosh A/4‘a.r- 7i, 
^ (fk 


and 




sinli a / a., — o.\ 
^ <]k 

/„/, A., cosh /U a... - a, 

•iV? ■ 


smh \/ . . </.. a^ 

qh 

where /g </, k c*efer to the disc and fiave the usual meanings, 
(/ being ^ in most cases, differing only sligiitly in others. 
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Now fu -- a,, the thickness of the discs, is small enough to 

make \/ 1 J (u — a, small. Hence, writing a.. — a, -- L and 
^ (y/c 

expanding the hyperbolic functions, we have, as a close ap- 
proximation : 


'/iQi >1^ 


Therefore 


similarly 


‘ f'j.) ‘^'‘O+^re) . 

+ ft • !i) 


‘-Ct)- 


A.(l+^|.0 - A,' 


either of whicli equations determines k, the conductivity of the 
disc, if its*^ipproximate value is substituted in the terms involv- 
ing The value of h used is that for a painted surface, at the 

mean temperature of^the disc, and the value of I' given 

with sulficient accuracy for the above substitution by the equation 

ph 


nk 


r -r •OOa'jG t ■ 


OiiSmiVA'P EONS. 

T. Tkanse^mt^nt IsoTKOPKi Bodies. — Tlie temperatures given are 
,the means of thi ee expe)*iments. • 

CiiowN Glass Disc, 1-93 cm. diam., *169 cm. thick. Air, 16^*9 C. 


■ 

• i 

(^ool bar. 

ITut bar. 

» i 

Vi S-btS, A, S' 83 

<!, A., 

V.. 4-21) Q, 

V.. L>(i-r)4 g.. Kwe 



' 18 26-8'K‘fxl-tHW 

J8 l,'0 X 1 <Htt8 --83 1 

• 


Ar^nean =:= 


The results are collected in tf table on page ^10. 
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Flint Glass Disc, 1*98 cm. cliain., *177 cm. thick. Air, C. 


Cool 


Hot bar. 


7 (>0 A I 

Q, i-jr)! 

•lJ.>4x*177x 

!S 84-7 S:{X 1‘«KK; “ 


r, a. 1SS4 

V., 20 SO liHG 

•1240 X -177 X 1 4M)2 _ ^ 
'"18X4 X poor. -- 7-8.‘4 “ 


k mean — (HVJOI. 


Eock Salt Disc, 1-95 cm. diam., *88 cm. tliick. Air, ITV’ C. 


Cool bar. 


9-2i A^ IJvO 

V., 4 '(>I Q, 14 r )7 


r.r(*l)8)- 


1 4r»7x s:j X 1 •< «»:) 


18 22--b‘r»Ox 1-014 


Hot bar. 

r, 18*47 A., 18*i>2 

r., 27;ii Q.> -irob 


t*0j;?48 ; A-.-(08) 


•I5ir»x-8;5xi‘0nr»^ 
1 8-22 X 1*014 


k incan . : Oi;js. 


II. Crystals. --T emperatures, means of thi*ee experiments. 
QuAR'rz Dise, 1*91 cm. diaiiu, 1*005 cm. thick. Thermal stream lines 
parallel to optical axis. .Vir, 15':-1 C. 


C’ool bar. 


r. iOOO Ay lO-.'iO 

r., 4-(;4 Q, -lose 

7. ri.oo. 8b8xl <M).>xl-(H).S’ 
l(HO--ior>x I-OJO 


Ty OrbO A. lb* 40 

r. 2b 28 Q., ITb;^ 

•.«« ' '•'«->< 009 ., ■ 

" Mb-40x inm- H)-r> 


k mean — O2V»0. 


Quart/i Disc, 1*93 cm. diam., *811 cm, thick. Thermal stream 
lines perpendicular to optical axis. Air, 16''*2 C. 


Cool bar. 


Hot bar. 


r, U6u A, 0*30 

V., 4 07 Qy *17)45 

, *1545 X *811 X 1*004 

= - - — ■""9.30 xl-mi ' 


= 01574 


I'l ]7-n A,, 17-4.5 

Uj, -1616 

•1C16 X -811 X 1-004 


17 4.') X 1-011 - 1V36" 


-01589 i 


k mean -- *0158. 
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Iceland Spar Disc, 1*91 cm. diam., '70 cm. thick. Thermal stream 
lines parallel to optical axis. Air, 16 ’*1 C. 

Cool bar. Hot bar. ; 


7*^2 A I S lu 
tKm Q, 

•1430 X *7 X Vim 


1.S73 

‘J7-4I 


A., 18*40 
Q., 1478 




A- moan — oioo 


Iceland Spar Disc, 1*93 cm. diain., *602 cm. thick. Thermal 
stream lines perpendicular to optical axis. Air, lO-'/l C. 


Cool bar. 


r, T-Oo A, ^'l-' 

t!., ;!;5:i Q, mto 

* Hit'. X I •< KM 


A-.. 


Hut bar. 

r, I8()l A. 18*37 

V., 27*31 Q., *147^ 

IH JiTx J OIU - ,s 12 


A mean ^ <M>81.“). 


V 

Mica, large plate, *18 cm. thick. Thermal stream lines perpen- 
fliculiii' to cleavage planes. Air, In -6 ('. 

^"ool bar Hot bar. 


/'j .Tj (> .78 

r., 2-77 Q, 

•r™ X •]« X o»«i 
^ 18*0)7 ~ O nS X 1*0.) 


r, 18-lH) A., YsC); 

?*.. 27 44 Q. -1130 

- IS C.? X 1-05 - 


k moan IMibsi . 

a 

As the mica was in the form of a large plate, the above method 
of finding k is not strictly correct, and tliis accoitfits for thp 
difierence between the calculated values of and k.^. It was 
found impossible to use a disc, as in the other experfments, on 
account of the mica splittmg. The value of k given must bo taken 
as approximate "only. • 
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III. Rock Specimens. 

Marble Disc, 1*98 cm. diam., *26 cm. thick. The marble was 
the white variety used for statues. Air, C. 




Cool bar. 

r, A, 1010 

*l7n7 X -JO X 


Hot bar. 


r, 17;il 
r. l>7-27 


A,, 1701 

Q, m-) 


17 (H - 10-4 X \ 


-iHKilM) : k.j 


•IKSO X -Jfi X 1-001 
17 ()I X Hra 10-4 


<K171H 


k mean - *007011. 


Slate Disc, 1-98 cm. diam., *31 cm. thick, cut from ati ordinary 
school slate. Air, 14 *9 C. 


Cool bar. 


Hot brtr. 


•L-, SHO OOrt 

r 4U7 Q, '-.b'MW 
•l.Wv: X 1 (K)2 


A-.. 


10 40 A,, i;Mr» 

1 ., 2s-r»s Q., -losi 

■1081 X -81 X POOl 


10 I.-) X 1 (mm;-0‘Os 
k mean = •t.M)47.">. 


00482 


IV. Various Bodies Constantly Used in Physical 
\VORK. 

/ 

Where no diameter is given the plate is of irregular shape, and rather 
larger than the section of the bars. 

Shellac Plate, *068 cm. thick. Air, 14''-2 C. 

This plate was made between two microscope slides having 
plane surfaces. One -slide was placed horizontal, and the upper 
surface covered with a smooth sheet of tinfoil. On the foil was 
laid a sufficient number of the thin films of shellac supplied by 
varnishmen. to make a plate of the rcf[uisite size and thickness. 
The slide was then warmed gently from underneath till the 
shellac was soft, and the cold slide brought down on to the soft 
mass. In ordep to get the requisite thickness, and the surfaces of 
the plate parallel to each other, the two slides were kept apart by 
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two short lengths of wire '068 cm. diameter laid across the lower 
slide near its ends, the upper slide being pressed against these. 
The tinfoil wliich attaches itself to the plate is readily dissolved 
off by .mercury. This method is very convenient and gives 
excellent plates. 


i 

Cool bar. 


Hot bar. 

! 

1 V, 71G 

A, 7*40 


r, 20-05 * A., 26-70 ^ 

; V,. 3-32 

*1183 


28-74 g., -1150 * 

i , -1483 X 

; ‘ 20-76 -- 

•008 X 1*001 

7 mi;T6S ■■ «««» 

k. 

•1159 X 008 X 1-001 ^ 

-- - - — -000589 

20*70 X 1002 - 7-40 




Pakaffin Plate, *088 cm. thick. Air, 18 ^-4 C. 

This plate was made by dropping a little melted paraffin on to 
the cold upper surface of the lower slide, and j)lacing the upper 
slide on it as described above. The cold sni fa^jes are sufficient to 
ensure the paraffin being detachabl(‘ from the glass. 


C,oo] ba . 


S<)0 A, <) l‘» 

r, i-m g, 

• I o7Sx OSS xHXK):^ 
17 ^7- U IM X imnkh; 


MKK.HJ04 i 7fo 


Hot V)ar. 


r, IS 10 A.,J7-^7 

V., Q.. 14(17 

■i R)7x n;38x l-(X)o*J 
17 ^7 X I lU 


k inoai) ~ (HjlMno. 


Paha RunuKK, pure. Sheet *0264 cm. thick. Air, 13 *8 C. 


Cool bar. 


Hot bar. 


V, ‘HK) A, n-2(i i', nvjo A, loyu ! 

V., 5 01 y, -1401 27-H7 Q., '* 

l»00-!)2(ixl-00<)5 * ]'.» 00 x 1-(HK)5 * j 


k mean - . ^KH)384^ 
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SfiiPHUK Plate, *0084 cm. thick. Air, 

This plate was made in the same way as the plate of shellac, 
except tliat it was found better to use a sheet of tinfoil on the 
surface of ench slide. 


Cool bar. 


Hot bar 


i\ titiu A, C)S:; 
r., Q, 1US2 

10S2X ur).S4 x 1 <H)07 
2n-74l(rshx I 


‘tKX)455 


v^ 20 '.»2 A.. 20 71: 

r., 2S-42 Q. -lOa^ 

•inS;ix*or)%tx l-tXXV7 

20 74xHX)2-««3 


•oo(Mr»r» 


/V moan : 


KfJONiTE Disc,’^' 1*03 cm. diain., *0414 ciJi. thick. Air, 14 '*9 C. 


Cool bar. 


Hot bar 


A, 7 01 

I o»>7 


I r, 400 

i V. o MO Q, ' 122 / 

' ^ *12*27'/ -mUxHMHM 

' /i , . . (MXMO^ k. 


o20 10.-7 ()1 X I*(H»|.‘5 


i\ 20 30 A ., 20- 10 

V , *28 10 Q., *1*202 

•1202x<V414x 14^HH 


‘20*l0r< P(X)I3 701 


: (.MK)a08 


k meau •iMMiiO.'l. 


Gutta-Pkucha Sheet, *0017 cm. thick. Air, 14 '*4 G, 

This sheet was made of the material used for hisujating wire. 
A small qua’itity was cut from a wire, melted, and presscul into a 
sheet between the two cold microscopic slides. 


t'l r» 07 
r. 2 3r> 


Cool bar. 

A, (i l!» 

Q, IKH" 


I ‘ a)7(i fMOxI*"*-' 


lfi)t bur. 

r, L'O'iH A.^ 

V., 2.S4<J q., -lOTO 

_ ■l*>7()X;<H)17_XJ ^K1<,)e 

2 '"5,.7fjxY()6-r^iriit 


(K)04r)6 


/.■ mean - -(KX^ibK. 


* Kindly siipi)lied to mo bjVJIr. G. H. Gray, of tlie Silvertown Company. 
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Paper Disc, 1’93 cm. diara., -019 cm. thick. Air, 15 ’-I G. 
This was cut from an ordinary visiting cai’d. 

Cool bar. Hot l)ar. 




1)42 A, l)- 7 o 
4 56 Q, 1515 
• 15 ir)X ; 011 )xJ *0061 

' IH-SI-O-tSxI-wS " 


ami? 




t\ 11)05 A., 18 -Sl 

r., 27 01 Q., 1406 


•140(>x*m0xl-00()l 

is-si X i-oiSj^ -o ^;! 


■mxm 


k mean -OODolo 


Asokstos l^ipev” Disc, 1*93 cm. diam., *047 cm. thick. 

Air, 14^*9 C. 

This was the ordinary asbestos milll>oard of comiuerce. It 
consists of paper to th<5 pulp of which sufliciont asbestos lias been 
added to reader it incombustible. 


Cool ))ar. 


Hot bar. 


i\ S -40 

v.^ 402 -la^S 

•i:i58x')H7Xl*0<m 
llH)6-S-6Sx I ix)l 


•000568 


r, 20 16 A.^ VMKi 

V., 28*67 Q., -Vm 

•1368x'047xl 0(K)4 


; k.. - 

j - 100;5xMH)I -8 68 


1)(H;)571 


k moan •ik) 057 O. 


Mahooanv Disc, 1*93 ciii. diam., *056 cm. thick, cut from a sheet 
of veneer*' used by cabinet makers. Air, 15''-9 C. 

Cool bar. Hot bar 


27 , 6*67 

a-06 


A, 6*80 
Q, 1107 


^ _ 1107 X * 056 x 1*0006 
2 ( 457 -(> 81 ) X 1*002 


1)00454 


K 


20*75 A.^. 20p? 

y.j 28 51 Q.j, 1167 

^(^Xl)56x l -aKjf; , 
20-57xi()62'^6*8li 


<X) 047 '; 


k moan -- 00046 .'i. 
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Walnut Disc, 1*93 cm. diam., *069 cm. thick, cut from a sheet of 
veneer.” Air, 16'^ C. 


(lool baj-. 

y, o il A, :r'2M 

r., :i U Q, 01)17 

0017 X -069 x HXIl 

1 " ‘ - :>-20 X rixH " 


Kmim j k 


i 


Hot bar. 

2200 A. 22 * 4 (i 
r., 20r)2 Q, *0888 
• 0 H 88 X -OCM) X 
22*40 X I <^ )4 ~ 5 20 




k mean - OiMVlOn. 


COKK Disc, 1*93 cm. diam., *U5 cm. thick, cut by a section-cutting^ 
machine from a sound cork. Air, 15 '*1 C. 


Cool bar. 


Hot bai,*’ J-*' j 

1 

y, 222 A, 23;i 


r, •2:i-3',) A„ 23 ;in 

.‘14 Q, <1.566 


r.. 2bM0 Q.> 0.547 

0.5:10 X -on X 1<XV2 

It. -■ 

„ X X i .Hrj ^ 

23-30 X J 4)0.5 - 2-.‘13 

__J 


. ■ 


k mean - •(KK)i20. 


SujK Sheet, '0084 cm. thick. This was cut from a dress-piece of 
plair brown silk. Air, 16‘-’'4 C. 


Cool bar. 


KXKi A, in-;i 9 
i.’j 4 ' 9 o -KKXI 


•1« X <1084 
“ 16 76 - io 6!) 


■oooaio 



k. 


Hot bar. 

J 


170 ;i Ay 1076 

V. 20 3.5 Qy lOlH) 


J 60 X -0084 
10^9 


*000223 


i 

i 

i 

i 


ic jnean ^ *000210. 
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Silk Sheet, *017 cm. thick, cut from a piece of ribbed silk 
ribbon. The thickness given is the mean of tliat across ribs and 
across grooves. Air, 16 *6 0. 


Cool bar. 


V., :i*7L* 


A, 

Q, 


k, - 


X ;017 
IS -05 - 




Hot bar. 


-^7*37 Q, 
•I41b Xi. -017 
18'f)5 - 8^{n 


•JMr> 

-00023 


k mean — -00023. 


Cotton Sheet, *085 cm. thick. A piece of tliick tape. 
Air, 16^*4 C. 




Cool bar. 

A, 5-f3 
1-0;? Q, •!()<» 
*l(M)X‘085x 1.-<M)1 
2L ^T' 043’x l -( W) } 


Hot bar. 


21 'll 

ir, 28-70 


A ., 21 -24 
Q., -1044 


•(KH)o30 k.. - 


•1041 X -OS^^ X 1 -(H H 
21-24 X l-IH)4 ’ b-4|j' 


3 •o<x>r»r>7 


k moan — -00548. 


Flannel Sheet, *1 cm. thick 

Air, 15 -I C. 

(Aii)] bar. 

Hot bar. 

r, L’-;M -'-14 

• 

V, 24 (>7 A. 24 -AS 

-(taw 1 

q., 

i k..^. 

24 -SK 2-44 xH) IS ! 

24-58 X H08 2-14 


k mean *000227. 


As the silk, cotton, and flannel yield somewhat, the mcasure- 
inents of thickness are not very accurate in tliesc throe cases. 
The error will bo greatest iif the cases of ilannel apd cottorvand 
probably small in •the case of silk. 
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Table of Eesults. 


^laterial and direction of 

Thermal conduetivity between 25'^ 

Refractive 

stream lines. 

and 3.0^^ C. C.G.S. units. 

Index, 

Copper 

Brass 


•7 to -8 Louknz, 

1 F. WunKH, &Q, 

■25 to -3 Lobenz, 


• * 

NEUMA^•X, &C. 


lirass bar used 

Bismuth , . . . . . 

•27 

•017 Lorenz 


Mercury 

•• 

‘018 AnO STROM 


Crown j^lass 

■00248 

•OOIG H. Meyer 

1-53 

Flint glass 

■00201 

■0014 

1-04 

Glass 


i -0021 PecTiET 
[ 0005 G. Forbes 


Hock salt . , 

0138 

*016 Tuschmidt 

1 55 

Quartz along axis . . . . 

-0200 

j *020 Tuschmiut 

1 001 Cl. Forbes 

1*55 

„ perpendicular to 
axis 

•OloS 

• 

; *016 TuSCiLMIDT 

1 *004 G. Forbes 

1-56 

Iceland spar along axis 

•0100 

•OIG Tuscumidt 

1*00 

„ perpendicular 




to axis , . 

■0081 

•0080 

1-49 

Mica perpendicular to 




cleavage 

•0018 


1-57 



j 0075 Pec LET 


White marble . , . . 

•0071 

i *0073 Yamaoawa 


1 ■ ‘V i 


! 0011 G. V’ORRES 


Slate ! 

•0047 

•0008 „ - 


i Water 


•(K)15 WlNKELMANN 1 


Glycerine 

« « 

i -0007 „ i 


Olive oil 

Shellac j 

•00000 

i 0004 F. Weber 

! 

1 

1 

i Parafiin j 

•00001 

•00U14 G. FoRJiES 1 

j 

Pure Para rubber . . . . i 

Rubber i 

i *00038 

•(XX)40 Peclet 


V^ulcanised rubber . . . . ; 

Sulphur j 

•00640 ! 

•00009 G. Forbes j 

1 

pjbonite 1 

•00040 

•00008 ‘ 

4 

Gutta-percha . . . . I 

•0004G 

1 

i 

i 

j 

Paper j 

00031 

■0(XJ45 G. Forbes 


Asbestos paper . . . . 

00057 

i 

! 

Mahogany across fibre . . ! 

•00047 ! 



Walnut across fibre . . | 

•00030 I 



Cork ! 

■ 1 

00013 1 

1 

' 


Silk ! 

•00022 

: 


Cotton .J 

•(X)055 



Flannel' j 

•0rK:J23 
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Kcferonces : 

IjORhnz, Wiedcmami's AnnaUn, vol. xiii (1881). 

P. Wkupjk, Morudshcr, der Berliner Akad. (1880), p. 407, 

P. Neumann, Annales de Chim. ct dePlujs., 8rd ser., vol. Ixvi (1862). 

Angstrom, Pogcjcmlorff's Annalcn^ vol. cxxiii, p. 640 (1861). 

H. Mkykr, Wiedemann'' h Annalcn^ vol. xxxiv, p. GOO (I88<S). 

PiiiGi.ET, Annalen de Chim, ct de Phys.^ 3rd sor., vol. ii. 

('i. Forbids, Boy. Soc. Prac, ICdin,^ vol. ix, p. 64 (1873). 

Tu SCHMIDT, BcihliiUcr (1884), p. 400. 

Yamag.\wa, Journal, College ofi’okio, vol. ii, p. 203 (1888). 

WiNKKLMANN, Poggemlorjp s AnnaU^iy vol. cliii, jf. 181 (1874). 

In the fore^oin^ table the conductivities of o. few metals and 
liquids are given in order to show the position of the bodies 
experimented on amongst other conductors. 

Where experiments have been previously made by other 
experimenters their results are given for comparison. 

Such comparison shows a fair degree of concordance between 
the present results and those obtained by totally dilferent iiietJiods, 
with the exception of the results of Cl. Forbes, wliicli were 
obtained by the following method. A can about 9 ems, diameter 
was filled wl^h a freezing mixture, placed ou a slieiit of the 
material tlie conductivity of which was to be detfuinincd, and the 
lower surface of the sheet brought down on to a surfact of water 
at 0"' C. Ice is foiTnc(T on the surface of the sheet, and Fdt'bes 
works out an expression for the thickness #f this ice in terms of 
the temperatur (3 of the freezing »nixture (which was observed by 
a thermometer placed in it), the thickness of the inaterial, the 
time, and the conductivities of ice and the material. In working 
out this expression, however, he assumes the conductivity of the 
materials between the thermometer in the freezing mixture and 
the upper surface «f the sheet to be infinitely great, \fliich, when 
one«considers the layers of liquid, metal, and air present, is 
scarcely justifiable. On this account almost all Forlies's results 
« are low. 

Peclet’s results for metals were all found to be low, and this 
led to the assumption that all his results were the same. It is, 
however, evident from the present experiments that hi^ results 
for bad conductors arc correct. This is pi’ohably owing to the • 
fact that the layers of still water which, in his experiments, 
adhered to the surfaces ofii the sheet experiiiientccl on, a];e of 
much less import%Mce when the sheet is a bad conductor. 
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Tuschiviidt’s results are obtained by a method which Weber 
used for liciuids. The sheet of liquid is simply replaced by one of 
the crystal, the contacts being made by means of glycerine. As 
glycerine has a conductivity wliich is only about .^Vjth of those of 
the crystal plates, the glycerine layers have a great effect on tlie 
flow of heat through the plates. This is a defect of the method, 
and, in addition, tlie plates thejnselves must be large, and are 
therefore expensive. Tuselimidt’s results and those of the present 
paper agree fairly, the only great diifeience being in tlie case of 
rceland spar along the axis. 

Meyer’s determinations depend on the rate of rise of tlui 
temperature of a calorimeter, into which a heated cube of the 
material is plunged. It is (juestionable whether the assumption 
which he makes, that the temperature of the surface of the cube 
at any instant is that given by the thermometer in the calorimeter, 
is justifiable on account of tlie difiiculty of preventing a layer of 
water adhering to the surface. The same objection applies to the 
method which he used to confirm the results obtained by his 
first method. 

I 

Remakks. 

From tlu; Table of Results it is at once evident tliat, for 
traiisparent bodies, no such comparison between thermal con- 
ductivity and velocity of propagation of light can be made, as 
has l)eeii made by Kundt for the metals. The thei’inal con- 
ductivities vary tniormously for very small change of refractive 
index, and the variations are sometimes in the same direction as 
the variation of the index of refraction, sometimes in opposite. 
It is remarkable that the bodies cjuartz and roc^ salt, which are 
diatherinanous bodies, should also be good themial conductors, 
([uart/. being a better conductor than bismuth. To prove that 
the high value of the conductivity is not due to heat passing 
through these bodies by radiation from the hot bar to the cold, 
several experiments were made with the apparatus arranged as 
it was during the experiment in quartz, but the quartz disc was 
"removed, thus allowing the hot bar to radiate heat through the 
intervenkig air space to the cool bar. Under these conditions no 
change of temperature at the point of observation near the end of 
the cool bar could bo detected when the hot bar was suddenly 
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cooled. As air is a move diathermanous body than quartz, it is 
thus evident that the amount of heat radiated through the quartz 
from one bar to the other is too small to affect the above results. 

The Jiigh conductivity of quartz would render the use of fused 
quartz (the conductivity of which does not probably differ much 
from that of quartz crystal) advantageous for vessels subject to 
sudden change of temperature, and for delicate thermometers. 

The results for Iceland spar and marble seeuj to indicate that 
tiie irregular arrangement of tlu'. crystals in marble int0rferes«witrt 
the passage of lieat. 

Water and salt solutions have conductivities about equal to 
that of glass. 

The solid insulations used in electrical work rank with glycerine 
and the oils, so far as thermal conductivity is concerned. 

Silk has about one-tbird the conductivity of sliellac. Hence, 
if a silk-covered wire has the covering saturated with shellac, it 
will have its heat conducted away to surrounding bodies much 
faster than previously. The practice of soaking galvanometer 
coils in sliellatj is, therefore, good from a thermal point of view, as 
it enal-. the heat generated in the wure to pass more rapidly to 
tire exterior of the coili^ and be radiated away. * ^ 

On account of tke low conductivity of paraffin, standard resis- 
tance coils with temperature co-eflicients ougTit not to ])e embedded 
ill paralliii, as the B.A. standard *is. , 

Cork is the worst conductor experimented on. 

.Almost all the substances experimented on arc insulators 
electrically. Although table? of their electrical conductivities 
are available, the values given seem to depend inpre on the 
condition of the surface of the body experimented on than on its 
material, and, on this account, it is of little use to make any 
comparisons between the electrical and the thermal conductivities 
of these substances. • 

The above^ experiments were carried on in the Ph 3 "sical 
Laboratory of the Owens College. 



ON THE LAW OF COOLING, AND ITS BEARING ON 
CERTAIN EQUATIONS IN THE ANALYTICAL 
THEORY OF HEAT. 

By Crabi.ks H. Lkes, I^I.Sc. (Bishop Berkalcjf Fellou) at 
the Oiccm Colleije), 

(From the Philosophical Magazine.) 

A lthough it is a well-known fact that the temperature of 
a heated body allowed to cool in air does not follow 
** Newton’s law,” it has been usual to assuiue that law to hold in 
cases in which the loss of heat of a body through contact of its 
surface wnth air had to be taken into account. In calorimetry 
the error thus introduced is probably small; but it becontes of 
much greater importance in those methods of determining thermal 
conductivity in which the ratio’ of the outer to the iuner con- 
ductivity of the body is a quantity determined experimentally, 
and this ratio used in conjunction with a value of the outer 
conductivity " (supposed to follow Newtoi’s law) to determine 
the inner conductivity. 

The metliod to which I specially refer ’is that of Briot, 
Despretz, &c., in which a bar of the substance whose conductivity 
is required is placed in a horizontal position in air, and heated at 
one end. The equation of niotion of heat in the bar is then, 
assuming the isothermal surfaces to be planes, 



* Coiidnciihilitc tkclcrieurc''' of P^ourier, or the surface emissivity of 

Thomson, art. “Heat,” Eticyc. Brit, p. o77. 

t'P’ourier, TMorie Annly tuple de la Ghalmir. Thomson, “ Collected Papers,” 
vol. ii, p. 42, or Encyc. Brit., art. “Heat,” p. .570. 
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Avhere y - excess of temperature at a point x of bar above tem- 
perature of air, which is supposed constant ; c — speeitic heat, 
p— .density, fc “-inner conductivity, = outer conductivity, at tein- 
poratiwe excess v ; p ~ perimeter of section of bar ; q area of 
section of bar. 

Assuming, with Fourier, that c, p, k, h are constant, we have 
for the ‘‘steady state'' the equation 


i)h 

j • i’; 

(Xr q/c 


the solution of whicli is 


V -- Ac 


vl 




where A and B are constants of integration. By determining tlie 
temperature at different points of a bar thus heated, the value of 

found. Briot and Despretz determined the tem- 
perature by means of thermometers placed in holes in the bars. 
3'his would%on account of the different conductivities of the bars 
and t!:e glass and mercury of the theniKfnieters, make the 
isothermal surfaces deviate considerably from planes. •The results, 
Iiowever, of both experimenters show evidence of an increase of 


qk temperature, especially where tlie bars are of the 

poorer conducting metals, and the effects of tlic lioles therefore 
less. This is also the case with the results of Wiedemann and 
Franz, who determined the temperature by means of a thermo- 
junction brought into contact with the surface of the bar at 
different points, o • 

From the experiments which follow it will be seen that h 
incj eases about oO per cent, as the temperpturo varies from 30" C. 
to 80'^"C., while k and c for a metal are not found to vary more 
than about 5 per cent, in the same interval. The most important 
source of ent)r in the assumptions of Fourier is, then, that intro- 
duced by the variation of h, and it is towards a more accurate 
determination of this variation that the folloAving experiinenta 
have been conducted ^ 


The experiments ^cre earried out in the Owens College I'hysical Laboratory. 
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A bar of infinite length originally heated to a uniform tern- 
poraturo would, if allowed to cool in air, continue to satisfy the 

condition and it will be assumed that for the bars used in 

o.r 

these experiments this is still the case. Since the temperature 
has previously been assumed constant tbrongliout any section 
perpendicular to the axis, this amounts to assuming the tempera- 
ture uniform throughout the wliole bar. The equation (1) then 
tahes tlie foriti 

Sr p 

Cp rn — . //. . r . 

^ 0 / q 

Or, multiplying both sid(5S of equatio)! by /, the lengtli of the bar, 
and writing more generally for r on right side /(r), 

Sr 

Oi’, writing ?«■ for pl<j, and .s for the whole surface of the bar, 
including tlie two ends, 

Sr 

:-:-~Hji,f(r) ....... (2) 

The bars .used in tliese experiments to determine the form of 
f(c) \\w.re about 26 or 27 cms. long and 1/9 cm. diameter. Tbey 
were nickel-plated, so as to give them the same smooth even 
surface. At the extremities of a diameter in the middle of the 
length of the bars, two small holes, about *7 mm. diameter and 
2 '5 mms. deep, were l)orcd, and into tliem an iron and a 
German-silver wire respectively were soldered. The otlier ends 
of these wires dipped into mercury cups, in the circuit of an 
aperiodic Wiedemann’s galvanometer. The mercury cups being 
provided with thermometers, the arrangement formed a thermo- 
circuit, and from the deflexion of the galvanometer and the tem- 
perature of the mercury cups the temperature of the bar at any 
time could be found. TJie deflexion was read off by means of a 
telescope and scale situated 2*5 metres from the galvanometer. 
1?he correction of the extreme defle.xion for the assumption 
tan 2 tan 6 is less than *3 per cent, and is neglected. The bai s 
were at first suspended horizontally in the room by means of two 
threads, and the temperature of the air observed by means of a 
thermometer situated vertically under the bar and protected from 
radiation by a small paper sci'cen. On account of the air currents 
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ill the room, and the “ lag” of the Ihernioineter indications hohind 
tlio actual temperatures of tlie air, the cooling was ultimately 
carried out in a water jacket 55 cms. diameter and 75 cms.long. 
The change of temperature of the jacket was tlien slow and 
regular, and the cori-cction for this change could easily bo applied. 
Tlio bars were heated in an air bath surrounded by water at 
100"' C. for three or four hours, and at tlie end of that time the 
temperatures of bath and merchry cups, the deflexion, and the 
resistance of the circuit were determined. The I’tisistancc 
ascertainc^d by ^hunting into circuit a known )*esi stance, and 
observing tlie diminution of detloxion. Those observations give 
data for reducing the observations of dellexion and resistai^co 
<luriiig cooling to degrees Centigrade. J^nring cooling observations 
of dellexion were taken every two minutes ; of vesistaru’.e, and rd' 
temperatures of water jacket and mercury cups, eveiy four minutes. 

Writing c for the product of tlie dehexion and resistance, 
r temperature of junction in l)ar, /*, tempei'atiirc of mercury cups, 
c, yi values of c, r when bar is in liot bath, C some constant, we 
Jiavo, accoviling to Avenarius% for an iron German-silver circuit, 

-OOGSU' (>+(!,*). 


<r:#C(r-r.) (I --OOOS'Ur + <•,)); 

(■ 1--00C84( 
e'i -4)00;M(r f r,} 

^ -- ^ - h _ -OGOd^f-r - r) ) approx. 

Writing for^/?, in correcting factor, its approximate value 4 T\ we 

have r -r, / c -aV 

• • ''(l — *00084 r j, 

which determines (e— Centigrade degrees, from observation 
of deflexions and resistance. 

By applying this equation to the observations inadti, we get a 
series of tcunperatures of the bar at two-minute intervals; and 
from this series the forjii whicJi f{v) must have to best represent 
tlie variation of tlie outer conductivity is to be •fdiuid. We 
consider only simple forms of /(r), so as to complicate equation (1) 
as little as possible, and commence witli the simplest. * 


* Vo(jg, Ann. cxxii, 109. 
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The simplest form is f{v)-^-ir, the usual assumption. Substi- 
tuting in (2), we deduce 

-fui — C, where is an arbitrary constant), 

or 

where ro is value of v at time 

If a in this equation be determined from the first eight 
minutes of tlie curve of cooling, when the mean temperature excess 
of the bar was about 64"" C., it is always 30 or 40 per cent, greater 
than a determined from the last eight minutes when the 
temperature excess was 11’^ C. Hence a increases with the 
temperature, and we are led to the assumption :—/(/;) + ' , 

which gives 

/ . 4-^//=:= constant, 

r(.l4/H0 

-^+/i — Ac"', where A is an arbitrary constant. 

The constants of this equation, determined from observations at 
times 0, 10, 20 minutes, ai-e in one experiment 

a -0277, h =r: -0047, A ... *0187 ; 
and at 40, 50, 60 mvuites, in the same experiment, 
a ~ -0221, 5 — *0165, A =-*0284. 


A similar variation was found in other cases, that the cooling is 
not well represented by making J\v) a quadratic' function of c. 
Ceasing to consider integral powers of v, we write 
'■ /(/.0"Tr(a +/>/•'•')> 

where ni is some ± quantity. This gives as integral, 

a 


Solving this by trial we find approx. anda-O; and we 

deduce as probable form /'(r) where 7i > 1. 

The equation (2) therefore takes the form : — 

— .s7a . f*' ; (2') 

or tile rate of loss of heat from the bar varies as the «th power 
of the excess of temperature of bar above temperature of air, 
supposed to^i’emain constant, where 74 -1*2 approximately. 


* Kmidt and W^itburg (iV/f/. Ann^ clvi) make use of this to express 
the cooling of a thermometer in a sphere concentric with its bulb. H. 
Weber (Mo)i. Ber. fl. Berlin Almd. 1880) considers some correction of this 
form to bo necessary in dealing with conductivities of baits. 
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So far the specific heat c has been considei-ed constant ; but the 
form of (2') allows its variation to be taken into account without 
materially affecting the integration. Writing 

. c=Co(1+c;'f), 

where Cq is the value of c at the temperature of the air in the 
experiments (about 17 ^ or 18'^ C.), and c* is some constant, generally 
less than *001, (2') becomes 

ot • 

Another small con^ction has to be applied for the change of tem- 
perature of the water jacket, which up to the present has been 
assumed constant. Writing it now ~ V, where V is a function of 
t such that its value at the end of the experiment ^0, wo have 

5/' 

-sh{v-\Y, 


From the tables which follow, it will be seen that V/y is gene- 
rally less tlian iniri left-hand side of the above 

equation, — V) be substituted for 1+c'y, the error intro- 

duc(‘d is generally less than Also from iliese tables it is 

,5V 

seen that, for an ititerval of twenty minutes, is Vith close 
approximation -- ~ (j - , where q is generally 4ess than yiVo* Hence, 

Ov 


for an interval of twenty minutes, we have as .a very close 
approximation, 


or 


fiV 

SI 

Sr 

Sl 


^SY 

St 

1 

1 +</ 


Sr 

8y - V 
St 


and the equation of cooling corrected for all known variations 
becomes 


or 

or 


7)lCo(i + c'v—y) 

1+7 


5y-V 
’ St 


=----67.(r-V)”; 


J I (f - V)-“+c'(r ~ V)' " } dv .. 

(r_V)'“ Yl-":" V(r-V)') 

\ '1- n ^ / mc-a 


constant; 


r^)/f+c. . (3)' 


Tables follow from which it can be seen how, this equation 
agrees with experiment. 
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The constancy of the numbers in the columns of first differences 

( A It 'iz 1 \ 

the columns lieadcd 20 ^ I shows how well the assurnp- 

/ 

tion that tlie rate of loss of heat varies as tlic 7/th power of the 
teinpei atiire excess can be made to represent the actual fact liy a 
proper choice of ii. Within the limits of tiie experiments, l.r., 80 ' 
to 10 ’ C. temperature excess, there is no definite secular change of 


the mean values of 


sh u - i 


and we thence co*n elude tliat the 


above law is a close* approximation to the actual fact. 

The values of h/Ca deduced from the ex])erimeiits are, for copper, 
iron, and zinc, respectively *0640, *0520, *0676, where h is the 
amount of heat lost from 1 sq. cm. of the surface in 1 minute, 
w4ien the temperature excess is 1’ C." and temperature of air is 
about 18 ’ C., and is the specific heat of the material of the bar 


at 18 ’ C. 


lathing the specific heats at 18' 0. as *092, *112, *0915 respec- 
tively,! and di^viding by 60, \ve have for the amount of lieat lost 
in I second under the above conditions: — ^ 

•0000981, *0000971, 000103. 

On account of the ifticertainty of the specific heat values, t 4 Rid 
the fact that the zinc bar had not so good a syirface as the others, 
not mucli weight is to 1 m 3 attached to the ditlbrences between these 
three i-esults. The value deduced from the copper haf is probably 
nearest tlie truth ; and we have then the loss of heat in 1 second 
from 1 S(j. cm. of surface of the bars used e<pial to *000098 
(y— V) ’ heat units. 

The particular ^val lie 1*21 of the index n refers tjfily to the 
cooling in the water jacket, but it seems not to depend to any 
great extent on the presence or not of the jacket, for when the 
cooling was performed in the middle of the room at a considei'able 


• That: is, if t*ie loss of heat varies for tciiipcratures below 10 ' C. excess, 
as it is found to do from SO' to 10 C. excess. 

t Naccari give.s : — Cii *09^ ) 

Fe *100 'r Beibl. xii, p. y2(J. 

Zn 0915) 

The values for Cu and Zn agrgo with the results of other experimenters, 
but that for Fe is too low. BrystrOm’s value— 112 is taken. jS^accari's values 
for c' have been used ifi each case. 
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distance from any object the value of n which best represented 
the cooling was less than 1*21 but greater than 1-2, 

The Vealuo of n is, iiowever, dojpendent on the nature of the 
surface, and also on the cross section of tlie bar ; for by covering 
the iron bar with a shining black varnish // was reduced to about 
1*16. The varnish was, bowciver, slightly softened at the highest 
temperature, so that the character of the surface would change 
somewhat durin*^^ the cooling. 

,The much largei* square nickel-plated bars used by Mitchell in 
his repetition of Forlics's (jxperiments on conductivity give for th(^ 
cooling experiment (sec p. 47). This increase of u may 

be due to change of form of section, or to change in diiiumsions, as 
both tlieso circumstances atfect the stream lines"' inodiiced in the 
air by the presence of the heated bars. It seems probable, 
however, that th(5 only part of the loss of heat whicli is altered 
by alteiation of the nature of the surface, is that part due to 
radiation. 

Prom tliese facts we conclude that the loss of heat; from an 
element of surface of heated bar, due to the elTects of Tadiation, 
conduction, amX convection into the suri-ouuding air, is propoi- 
tiqnal to the ;dh power of the excess of teinpeniture of that 
eJiMuont above that of tlie surrounding air. 

The fimdamentai equation for the state of heat along such a 
bar becomes, tlien : — 



It is evident from this eijuation what a great eil’ect the outer 
conductivity has on the nature of tlie solution of the problem of 
motion of lieat in a bar. The solution in terms* of exponentials foi* 
the steady state used by Despret/.,! Wiedemann and Franz, J and 
others is replaced by a power of the temperature, and the solution 
for the ^‘steady periodic” state first given by Angstroms^ no longer 
fields. Tlie above solutions neglect also variations of k, and we 
proceed to <*onsider the elhH'd of this. 

* See for stivam lines, T-odge, Mrig. xvii, p. 214 (18B4) ; Kayleigh, 

Dec., 1882. 

I' Ann. lie Chim, et de J'hys. xix ct xxxvi. 

t Pogg. Aim. Ixxxix. 

Ibid, cxiv, cxviii, c.xxiii 
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Talcing the case in wliicli the temperature state is steady, wo 
have the equation 


or taking k,, as a linear function of the temperature, thus, 

/iV“ A’od- 

we have, on expanding the equation (4), 

+ . . . ( 0 ) 

(\j- \ u.r. / q ^ m 

As the term in it) is often neglected in the mathematical ti’etit • 

ment of co]iductivity'‘', it is interesting to compare its value, as 
deduced from experiment, with the iirst term of tlu^ above 
equation. 

Taking Mitchell’s figures for his iron bar,t we deduce 

Valuo of ViilMo of 

Irflitcrin. 2n(l term. 

At 50 ' C. excess , -Oil (5-5) -OC) •00001 ( 2500) -r: -025 

„ 100’ ,> , -oil (18) --hi * * * § 00001 (12,000). -•12 

From, which it*is evidcuit tliat the neglect of tlie second term will 
stM’iously alTcct the results, \inless /: is very small, /.t’,, the conduc- 
tivity nearly independent of the temperature. In tlie aho\1.; case the 
conductivity has bee$i taken as changing 10 per cent, in 100 C., 
whicli, according to the experiments of Foi1)es,;; Kircldiotl* and 
llausfunamnS Lorenz, !j and others* is l)y no means an e^xtiome case. 

Those determinations of conductivity which involve tlui 
assumptions // --(», n~~], need not be considered, as the results 
derived from th^m can only be rougli approximations. Integrating 
(4) with respect to :r, between the limits and wc have 



or the dillerence between the amount of boat flowing along tlu; 
bar at points ;q, .r,, is the amount of heat lost from the sides 
between the two points. 


* The effect of this will be to raise the value of tlio conductivitv a'i 
tlodiicod from experiment. 

t TrauH. R. S. E., 4 July, 1887. 

I Trans. B. S. K. xxiii, xxiv. 

§ IF/Vc?. ix, xiii. Kirch-Voff aud Hausemann neglect, however,, the 
f'fcond term in equation (5). 
ii Ibid. xiii. * 
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If tliere be no “ source or sink along the bar except at the 
origin, and the bar be long enough to make at its end, we 

,iv5= ^ (7) 

J.. 


which determines from observations of r along the bar. 

We luive then in (7) the solution of the problem of determina- 
tion of conductivity by the bar method, free from the most serious 
of the errors invblved in the usual assumptions. The outstanding 
assumption is that of plane isothermal surface's. 

To confirm the deductions made in this paper, from the fact 
that the loss of heat from a heated bar is proportional to a power 
of the temperature excess, I proceed to apply them to the 
observations of Mitchell,"' who has repeated Forbes’s experiments 
on conductivity, after having the bars used by Forbes nickel- 

plated. He gives the values of — for different temperature 

excesses for an iron bar ; and from this the following table is 
calculated : — 


Temp. . 





f)0 

er'^ess in 

01' ] 

spe.cifie 

ov , 

‘ f }J 

OenL. 

" ot' : 

r 

heat. 

^0 1- 


1 

UL 

10 

•11 

101 

-nil 

18-19 

■0011 

20 

*20 

1 021 

•2055 

43-50 

U) 

80 

■43 

1 -031 

•4433 

1 72-01 

10 

40 

(>1 

1-041 

•035 

101-5 

10 

yO 

■807 

1 -052 

•849 

138-1 

14 

00 

1-00 

1-002 

1-002 

173-'/ 

07 

70 

1 19 

1*072 

1-270 

! 211-2 

‘ 05 

80 

’ 1405 

1-08-2' 

1-521 

i tics -9 

' 11 

90 

1-005 

1-092 

1’755 

- 289-8 

00 

100 

1-83 

1-103 

2-018 

i 331 

10 

no 

2 04 

1-113 

2-270 

373-4 

08 

120 

2-28 

1-124 

2-503 

417-0 

' 14 

200 

4-4 

1-200 

5-307 

792-5 

•0070 

2r)() 

(3T2 : 

1-258 

7-099 

■ 1051 

-0733 


The. constancy of the 


quotient j 


up to a temperatine 


excess of over 100 C. shows how well the index 1*26 represents 
the cooling in this case. Above lOQ- C. n ai)pears to increase. 


• Txrms. R. S, E., 4 July, 1887.* 
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Putting w=n:l*26 in (7), the equation determining k from the 
observation of temperatures along such a bar heated at one end is 

phv^"^'- ilr.. 

OX J r. 

Mitchell gives /■ and — at different points along the l.)av, and 
from these we have the following table : — 


a: in feet : 

V. • 

_ ov 




1 


n-r 


J. 

0 / ZL: 1\ ,1 

u,r 

-25 

172*1 

195*4 

050 *3 

440 

2*28 

•5 

125-25 

182*2 

439*7 

311 

2*85 

•75 

92*3 

92 

299*4 

220 

2*39 

1-25 

52*0 

47*9 i 

14.5*3 

118 

2*30 

1-75 

30*35 

29*2 

73*7 

00*8 

2 09 

2-25 

18*2 

15*2 

38*7 

33 

2*18 

2*75 

11*15 

! 

20*9 

19*2* 

1*92 

1 3*75 

i 4*75 
i 5-75 

4*3 
, 1*H5 
♦ *7 

! 

0*16 

2*27 

•90 




The numbers given in the last column indicate a rise of ^con- 
ductivity with temperature, whicli agrees wiith the result given by 
Mitchell as his most reliable. As the integration 



is performed graphically, no great importance is to be attached to 
small variatiohs of results. The number 2 ‘28 ought to be increased 
about 5 per cent.^ as the index 1*26 in the cooling ex].A3riment only 
holds up to about 100'^ C. temp, excess. A close agreement of the 
values of k with one another is probably not to be expected, on 
account of the deviation of the isothermal surfaces from jdanes 
caused by the insertion of the thermometer? into the bar. The 
method of Forbes would be much improved in this respect if the 
teinperatui-es were determined by thermo-junctions cither set in 
the bar at different points, or movable, such as \Viecl(?niami and 
Franz used. 

* Liable to an error of about 5 per cent, on accoimt of uncertainty 
of cooling, &c., bclSw 10 'C. excess. . ^ 
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Filially, thou, iu tlio general theory we have the equation of 
coiitiimity in the form 

/ I or \ . ^ f 1 or \ ^ f j \ 

s, ■ “ .e ( *■ S .:) + S, ( ) + Si ( s; ) 

with the condition at surfaces in contact with gas 

fV//., 


where ii can only bo taken — 1 when temperature changes of only 
tL few degi‘ees occur, but wliere c,. and probably /r,. may be taken 
as constant when clianges of temperature o** not more than 
oO ' C. occur. 



ON THE DETERMINATION OF THE. THERMAL 
CONDUC'flVITIES OF BAD CONDUCTORS. * 

By ChahijEs H. Lees, M.Sc. (Bishop Berkdcy FeUoio at 
the Owens College). 

(From the Memoirs of the Munch. Lit. and Phil, Society.) 

rilHE experiments of Seiianiiont and otliers"* have shown that 
anisotropic bodies possess different thermal conductivities in 
different directions, and that in the majority of transparent bodies 
the conductivhiy in any direction increases as the index of refrac- 
tion of light in that direction decreases. The methods by which 
these results have Ijpen obtained, differ little froiii that^ of 
Senarinont, which depended on the melting round a central 
heated point of a thin layer of wax, previously s|;)read over the 
surface of a crystal. In general, *tho area melted is q,n ellipse, the 
ratio of the axes of which is equal to the square root of the ratio 
of the conductivities along them. Such methods, therefore, give 
no informatioi^ with respect to the absolute values of the conduc- 
tivities, and a glance at the different results obtained in successive 
experiments on thb same crystal shows that even the comparative 
values cannot be trusted, except as rough approximations. 

The recent determination by Prof. Kundt of the indices of 
refraction t of a number of metals, and the fact that he finds they 

* References may be found in any text book, e.g,t Wullner, Lchrbuch der 
Expcrimcntalpliysik iii, p. 310. , 

t Strictly we can only speak of an index of refraction of a substfanoe when 
Snell’s law sin i/sinr^-constant, is obeyed. Kundt therefore defines the 
index for a metal as the limit when i = 0 of sin i/Binr. The receAt experi- 
ments of du Bois and Rubens tJPhil. May. [5] xxx, 305) have shown, that 
for iron, cobalt, and nickel, Snell’s law is approximately true, but that there 
is considerable deviation from it in silver and gol^. 
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stand in the same order with respect to velocity of transmission of 
light and thermal conductivity, make it important to determine the 
conductivities of crystals in different directions with greater accu- 
racy and in absolute measure, in order to compare .different 
crystals with each other. At the suggestion of Prof. Kundt, I 
commenced some time ago at Strasburg a series of experiments 
with this end in view. Although these experiments are not yet 
completed, I propose in this paper to give a short account of the 
"^methods tried and the approximate results obtained. 

The desirableness of dealing with small pierces of crystals, and 
the impossibility of making temperature observations in the crystals 
themselves, point at once to placing a thin i)late of a crystal 
between the ends of two bars of metal, one heated and the other 
cooled at the ends away from the plate, and observing the tempera- 
ture along each bar. These observations, if the conductivity of 
the bars were known, would fuimisli data for a determination of 
the conductivity of the crystal. 

Difficulties arise, however, from the imperfect , nature of the 
contacts between metal and crystal. Lodge* proposed to improve 
them by inserting pads of tinfoil, but this I found not to answer. 
Ewmtually a metal which would amalgamate was used for tlie 
bars, and the amalgamated ends made contact extremely well. 

As the bars and crystal lose heat by convection, conduction, and 
radiation to the surrounding air, a method (that of Angstrom) was 
first tried which gives by one experiment both the internal and 
external conductivities. One end of the arrangement of bars and 
crystal was alternately lieated for six minutes by steam and cooled 
for six minutes by water till the temperature throughout was a 
periodic function of the time. 

If 

y— excess of temp, at point x over that of air 
fj ™ area of section of bar 
p perimeter of section of bar 
^--density / 

<3 - specific boat ) 

< }- = hnm->iai conductivity ooD.tant 

7^=^ external conductivity supposed to follow Newton’s law 


t Prof. 0. Lodge proposed in 1878 (PJu’l. Mag/. [5] v, p. 110) to determine 
the conductivities of crystals by the above method, but 1 am not awaje that he 
has published any results, c ‘ 
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the equation to the inotioii of heat in. the har, the isothermal 
surfaces boinf:; supposed plane, is 

= - h.v (1) 

, ot 6X‘- q 

the steady periodic solution of which is : 

y=?:(;r)4-SA c ™ + 

where T — period, A, /x, A arc constants and * 


roAn 

A = 

tir«« 




(• 2 ) 


( 3 ) 


Froni these equations it is evident that observations of tem- 
peratures at two points of one bar give A„ and /x,* and thence the 
internal and external conductivities of the bar, and observations 
at two points on opposite sides of the crystal plate and as close as 
possible to it, give similarly the conductivities of the crystal. 

Temperatures were determined by tln*ee thermo-electric 
couples of iron and German silver wire soldered in to the bars near 
til G crystal, and in circuit with a galvanometer. By taking two 
additional thermo-junctions in the metal bar, the solution (2) was 
tested, and found not to rejiresent the variation of temperature 
throughout the bar. I have since shown ?liat this is to a gi*eat 
extent due to the great increase of h with the temperature, " and 
that Angstrom's solution (2) can only be taken as a roiigli 
approximation to the actual variation of temperature throughout 
the bar. 

To get rid of this difficulty of the variation of h with the tem- 
perature, and at ''«he same time to do away with the necessity for 
a knowledge of the values of c and e for the crystal, I began 
experiments with the bars and crystal packed in a cylinder of 
sawdust, and used only the “ steady state.” The bars were of 
brass, 2 cms. diam. and 2(> cms. long. The ends of each bar were 
amalgamated,* and along the curved surface four thermo-junctions 


* It is evident, moreover, that the solution (2) can only apply to a bar of* 
infinite length heated and cooled at one end. For a finite bar, and especially 
for the case of a bad conductor interposed between two lengths of bar, it is 
necessary to add to the expression (2) a corresponding expression in ^vhich 
the sign of x is altjgred. This makes the calculation of k and h much rnoro 

complicated. • 
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of iron and brass wire were soldered, two being as near the ends as 
possible. The two bars were held in position within a vertical paper 
cylinder 8 cins. diain. by means of six set screws, which enabled 
the two amalgamated surfaces, between which the crystal disc was 
to come, to be set parallel. After putting in the crystal, the space 
between the bars and paper cylinder was packed with sawdust, 
the screws withdrawn, and contacts made at top and bottom witli 
water and a steam can respectively. The ends of the wnres from 
the tftenno* junctions came outside the paper cylinder, and could 
be put in succession in circuit with a galvanoinet^^r. Observations 
of deflections of the galvanometer and a previous determination of 
the constants of the junctions, give the temperatures at eight 
points of the bars, and from* these tlie values of dvhlx below and 
above the crystal respectively can bo calculated. These, comluiied 
with a knowledge of the conductivity k of the brass bar, give tlie 
flow of heat into and out of the crystal disc respectively through 
its plane surfaces. From the eight observations of temperature, 
the temperatures of the two surfaces of the crystal ^can also be 
found.^ Wo thusdiave a determination of tlie conductivity of the 
crystal in a^direction parallel to the axis of the disc by a method 
which follows very closely the definition of ♦conductivity. If the 
sawdust wcre*an abso\nte non-conductor, the inetliod would agree 
exactly with the definition. 

In the above the isothermal surfaces have been assumed plane 
and perpendicular to the axis of the bar, but in the experiments 
the temperature at five points of the outer cylinder were also 
determined, so that each experiment gives sufiicfent data for 
determining ^the distribution of heat throughout ^thc whole space 
within the outer cylinder. I did not consider, however, that 
the accuracy oV)tained in the observations would warrant the 
carrying out of the calculations on those rigid lines, especially 
as no tables exist of one of the functions which enter into the 
calculation. t * 

* Tho main features only of the calculations are entered into here. In the 
actual calculation corrections are applied for the thin layer of mercury between 
the crystal‘and tho bar, for tho variation of dv/dx within tho crystal, Ac., the 
amount of these cinrections being dctermined«by special experiments. 

+ I refer to the BessoVs function of the second kind ant\zero order for unreal 
values of. the argument. ♦ 
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The conductivity of the brass bar was determined by Forbes's 
method, with the modifications suggested by me in a previous 
paper/' Two experiments are necessary, one deteriuiinng the 
outer and the other the relation between the outer and inner 
conductivity. 

Cooling P]xpeiiimknts to DEi’EiiM[NE the Outek 
Conductivity. 

In these experiments one of the bars used in the crystal 
apparatus is heated to 100^ in an air bath and then allowed to 
cool in air, the temperature being observed by thermo-junctions 
soldered to the middle of the bar. 

Writing m for the mass of the bar cooled, .s its surface, and 
assuming the temperature of the bar to bo constant throughout, 
we can put (1) in the form 

li- ~ xjio) 

whore /(y) i« a function of v deterniined by experiment to be of the 
form hv'‘ w^here h and n are constants. If the 4;cmperature of the 
surrounding air is constant the equation takes the, form 

o<; 

cm -V)” 

where V is the temperature of l-ho air. 

Multiplying botli sides of this equation by dt and integrating 
we have 



where v„ is the temperature at time t„. 

The following table gives the mean result of three experi- 
ments: — 


Phil. Mag. (5) xxviii, 442. 
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TAIUiK 1. 


Minutes 

t. 


V 


/(1.-V)' '-.w 

r.'T:‘ 

/ i 

/=?.* -* 

0 

88 VO' - C 

1 5. 6-2" C 

151 -2 

3*281 \ 

MEANS. i 

2 

82-50 

15-51 

136-0 

2003 1 


4 

77 •os 

15-48 

124-1 

2732 ' 

■48-24 1 

(i 

72-24 

lo-«i 

112-7 

•2405 ; 


S 

67-78 

15-40 

102-5 

2280 j 

1 

^ « 





* 

m 

60-81 

15-54 

03-3 

2084 \ 

j 

V2 

60 ■(R.) 

15-58 

84-7 

umr; 1 


14 

56-77 

15-58 

77 '5 

17 W ' 

4 8 -OS 

](> 

50-78 

15-56 

71-0 

1505 1 

i i 

IS 

50-!)0 

15-;58 

64 '8 

1460 j 

! 1 
i 

20 

48-20 

15-50 

50-1 

1;;136 \ 

1 

i 

2ii 

45-02 

15-50 

.54-2 

1*223 1 

i 

■ 24 

4.3-84 

15-61 

40-8 

IHO > 

48-05 ! 

2() 

41 -70 

1.5-63 

45-6 

102.3 j 


28 

30*05 

15-64 

41-8 

1K‘16 1 


tk) 

38-25 

15-64 

38*4 

8,55 -51 


;i2 

36-70 

15-62 

3.5*6 

781-5 


o4 

35-20 

15-50 

32-7 

713 -2)- 

4.'^-22 


34-00 

1 5 -.50 

30*2 

6.50 *3 1 

; 4 


32-68 

15*55 

27*8 

502-31 


40 

3 1-^*5 

15-,52 

2.5-0 

538 -71 

i 


;io-50 

15.50 

*23 0 i 

488-0 V 


4t 

20-64 

15-44 

22-3 

442-7 

• 48 ’6.‘> 

40 

•28-72 

15-40 

1' 20-7 

300 -7 i 

! 

48 

127-76 

15 14 

18-0 

360*2.) 


50 

i27-05 

15-10 

i 17-7 

323-61 


5^; 

; 26-17 

15-42 

15-0 

273-3! 

48*38 

5(; 

12514 

15-41 

i 14-3 

228 -Oj 

187-3) 


50 

; 24-31 

15-47 

i 12-8 


04 

i23-20 

15-52 

! io-» 

1*281 



122-13 

15-53 

1 9-1 

7S*2 • 

47*70 

74 

;21-24 

15-47 

7-8 

36*0 


70 

20 -.50 

1.5-46 

6-(; 


1 


Weak 4S-18 


From this it is seen that the cooling is repi’esented with great 
accuracy by the above equation if n — VIT, the specific heat of 
the bar being supposed constant. ' 

We ]ia\e ~ 48*18 (thiie in minutes). 

Now m -- 644: gtama. 

c - 

s - IRO sn. wVa. 
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Statical Experiments to determine k. 


Ill these experiments tlie uncut bar of about one metre length 
is heated at one end, and the temperature along it in the 
‘‘ steady state '* determined by means of thermo-junctions. 

The equation (1) reduces for this exi)eriment to the form 





where k represents the conductivity at a temperature v ; and V is 
the temperature of the air under any section. * 

Multiplying thrbugh by dr and integrating we have 




where 'j\ x., are the co-ordinates of any two points on the bar. 

The following table gives the mean of three experiments, the 
integration being performed by mechanical quadrature : — 


Tahee TI. 



0' 

J.7*44"C. 

J|6*05'C. 

1-47 i 


(•0-10) 

41*0 1 

985 

(•20) 


18*61 

16*17 

2*84 

46*6 : 

*0887 

87*6 1 , 

i 

987 

•2(52 

45*73 

21 ‘34 

16-20 

6*79 

145*5 ; 

•1888 

186*5 

088 

•2B2 

64-.50 

25*91 

16*37 

14 -fX) 

328*7 : 

. 

•3749 

369*7 1 

; 

986 

•201 

7i)-98 i 

33*39 

1 16*50 

26*69 

628*5 . 

•7084 

• 669 5 ; 

945 

•251 

92*36 i 

1 

44*40 

l6*6l 

1 48*90 

1080*2 1 

1*228 

1121*2 i 

913 

•242 

10715 

l57‘32 

1 16*67 

76*31 1 

1621 5 ■ 

1*784 

( nV)‘2-r> * 

.932 

i -247 _ 

m*^ 


\\6qv 


yma-v 


'\ 'i-iW- V \ 

\ \ 

• 

\ 


The hrst and last numbers in the sixth and ninth co\unft\s are uncertain, 
as d^:/d.r at the endif of the curve .1., v can only be determined approximately. 
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c 

From the approximate value of k, which can be obtained from 

tlie fifth and sixth columns of this table, the approximate value of 

when a; = 0 is determined to be 41. Hence column 7 is 
ax 

calculated ; and the numbers in it are 




jrr-O o 

The numbers in the column headed are calculated from the 
an nation 

2>h I {. /(iv.- V)' * v7./:-f41 

A;.- ' " , -- •000,205 


dr 

^dx 


dv 

d.r 


Conductivities oe Crown and Fdint Glass. 

Taking "250 as the conductivity of the brass bars, the following 
results are deduced from several experiments on crown and fiint 
glass discs, the temperatures in each disc being supposed repre- 
sented by the equation v — r/.r+7/.y:2, the origin of x being taken at 
the cooler surface of the disc, and the temperature of that surface 
being taken as zero. 

^ ^ CuowN Glass -10 hm. tiukuv. " 


I 

i 


o 

1(5 



0 ±22 1 

I •2:)0 


being the amount of heat which crosses a surface of contact 
(lx c 

of disc and bars, as calculated from the observations of tempera- 
tures ill the liars. 

From this I find k for crowm glass = -00235. 


Flint Glass *177 cm. mhick. 



, dv 

X V 


1 • ' 

dx 

0 , 0 

•211 

•177 IHOS 

•:.’34 

- - ’ . . i 



From this I find k for flint glass -00208. • 
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Taking the index of refraction of crown glass as about 1*5, and 
of flint glass as about 1*6, it is seen that the thermal conductivity 
of glass increases as its index of refraction diuiinislies, as Kiindt 
found to be the case in metals. 

The numbers *00235 and -00208 may be relied on to a greater 
degree relatively to each other than absolutely, owing to change 
of electromotive force of the thermo -junctions, produced by an 
unavoidable straini)ig of the wires in packing the sawdust 
between the bars and the outer cylinder. On tliis account tke • 
apparatus has bten modified, and I am at present engaged in 
re-determining the conductivities of the glass discs used in the 
above experiments, and in determining the conductivities of 
quartz and Iceland spar in different directions. The results of 
tliese experiments I hope shortly to communicate to the Society. ^ 



ON THE SPECIFIC HEAT OF NON-CONDUCTORS. 

Jh/ W. \V. ilAiiDANE Gek, B.Sc.,i.a?/f/ 

Huhert L. Terkv. 


(Front the Memoirs of the Manch. Lit. and Phil, Society.) 


Part I. -Caoutchouc. 

( lOMPAKATIVELY few detenuinations have been luadt^ of the 
specific lieat of non-conductors, and since a knovvledj^e of 
this constant has become of some technical importance, wo have 
made a number of experiments with dilTcrent subs^tances. The 
present paper will be devoted to Caoutchouc. 

Fine PaVa rubber of an inch thick wfis generally used, a)id 
tlie following figures represent fairly its composition : — 


Caoutclunu; 

96-83 

Riesin * . . 

1*25 

Water 

1*77 

Soap, Sio. 

0*15 


loodo 


Since tlie water is driven off when the rubber is heated to 
100 ' C., the substance actually used contained about 9S’5% of 
caoutchouc and about 1*3% of a material whose specific heat 
would be little different from that of caoutchouc. It may be 
considered, then, that we have been dealing with pure caoutchouc 
of the formula (Ck, H i, For the supply of material and for 
assistance ^ generally we are much indebted to Messrs. Chas. 
'Macintosh I't Co., Limited, of Manchester. 

As RugnaulFs method of mixtures was employed, not much 
description of the pi'ocess is necessary.*' At first sight the determi- 
nation presents the difficulty that the rubber being an exceedingly 



THK SPECIFLC HEAT OF NON-CONDITCTOUS. 


59 


bad conductor of heat, tlic time of the mixture attaining its 
maximum temperature will be prolonged, and the correction for 
cooling large and its calculation uncertain. We find, however, b\ 
applying, the correction formuhe, that the error from this source 
becomes unimportant, and certainly less tlian the errors incident 
to the variation in the composition of the substance, or to tlu* 
difliculty of ascertaining its exact temperature when heated. 


DeSCKIPTIOX of Ain^AUATUS. 

Calor mutter. 

This was made of thin hard-rolled brass 62 mms. diam. and 
152 mms. long. It was enclosed within an outer zinc can 
120 mms. diam. and 188 nmis. in depth, separated by corks. This 
zinc can was soldered to an outer can 200 mms. diam. and 
255 mms. deep, which was filled with water. Finally, the whole 
was enclosed within a 1 ) 0 X packed with wool. 

The outer can was provided with an annular stirrer, while the 
calorimeter had a smaller stirrer with a glass tiandlc. A l)aize 
curtain divided the calorimeter from tlie hcatitig apparatus. 

Three dilTorent kind*3 of stirrers were used : — 

(1) Perforated bucket of very thin sheetjl)rass with a wooden 

handle. The roll of rubber was dropped into this. 

(2) A glass handle was fixed to a zig-zag piece \)i brass wire 

wliich was fixed in the rubber. 

(3) A thermometer was fixed in the centre of the roll of 

rubber. 

In the latter two cases the stirrer was also in tJie heating 
vessel. 


llcat'uKj Apparatua, 

In the earlier experiments a steam oven, Jiaving a constant 
temperature of 98^' C., was employed. The rubber was enclosed 
in a wide test tube plugged with cotton wool, and surrounded with 
a cloth. Later we used a steam-jacketed copper ve^jsel, into 
which the test tube fitted. The loss of material during the two 
hours’ heating, starting with rubber exposed to a saturatetl atmo- 
sphere as tested by meanff of a hygrometer, amounted to 0*64 
per cent. * 
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Themiomc Lc rs . 

For the estimation of the temperature of the calorimeter two 
thermometers by Hicks were used : — 

(1) No. 430296 had a range from 13'^ to 23"^ C., and was divided 
into tenths, each degree being about 25 mrns. 

Hence : — 

I' -v 25 mins. 

•l'\~ 2*5 mrns. 

' < -01"- -25 mm. 

a quantity wliich was readily estimated with the naked eye. 

(2) No. 430298. 

I '=-35 mrns. 

•1 ^”3*5 mrns. 

•OP =r -35 mm. 

For ascertaining the temperature of the hot rubber, a ther- 
mometer divided into degrees \vhose boiling point had been 
determined, was used. 

The temperature of the enclosure was ascertained by means of 
a thermometer by Heintz, estimating to -Or'. 


Method oe ]’jXi*kuiment^ 

It was thought desirable to inter-roll the sheet of rubber with 
metallic foil, so as to hasten the time of cooling. This was 
accoidingly done in most of the experiments, though we found 
afterwards that it lessened the time of mixture by no large amount. 
The foil employed throughout the exi>criments, though sold as “ tin ” 
foil, was found to contain 80% of lead, and the determination of 
its specific heat gave as a mean of several estimations -035, which 
value has been used in the calculations. In all cases the roll of 
rubber was completely encased in the foil, to prevent it sticking 
to the test tube in;bhe heating chamber. 

About 20 grams of rubber, as a rule, was employed. This was 
inter-rolled with the foil and heated for about two hours in the 
chamber described, and then quickly transferred to the calorimeter, 
the rubber being easily slipped out of the glass tube. 

The readings of the temperature of the calorimeter were noted 
at half-ininute> intervals, the calorimeter being continuously stirred 
by hand. 
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Method ok Oalculation. 

The following foi’umla was used: — 

W + K (i+C)~J 
M *T---(<y+C)' M 

where 

M “-mass of rubber. 

M'~ ,, tinfoil. 

W ~ ,, water in calorimeter. » 

K - water equivalent of calorimeter, stirrer, and theriiionieteV. 
T-. temperature of the rubber. 

/--initial tempci-ature of the water. 

final temperature of the water, 

(r specific heat of the foil. 

.1-- ,, ,, rubber. 

The value of C, which represents the loss due to cooling, may 
be obtained from one of the three following formiiko : — 


COKRECT ION J^'oiUU U I i.E . 


No. 1. 


liegnaiilt-Pfaundler (Jyz//. de Chua. et fh 4'" Serie x1, 

p. 248, 1867). '* 

Tn tliis formula a graphic metliod of correction is ^employed, or 
tlie formula 


C - no + 





e 4 - 



may be used instead. * 

where C is the quantity to be added to the observed maximum ff,, 
which is taken as that temperature after which the difference 
of the successive readings remains constant ; 
r = rate of loss of temperature before the introjiluction of the hot 
body into the calorimeter, the mean temperature being /. 
'?’'=rrthe corresponding quantity after the introduction of the hot 
body, and when the rate of cooling becomes conf^taiit, the 
mean toin])erature being ; 

Oa . - . . are the observed temperatures at the sifcccssive 
time intervals from the' time of introducing the hot body to 
that of obtaining the maximum. 
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No. II. 

Pape (Pogg. Ann. cxx, p. .579, 1863) gives finally 
c _ V,„-V,+V„A,T„ . 

“ v-v:„- v.xT ” 

in which 

log t' 

tiijd 

max. temperature of calorimeter. 

Vi — initial ,, ,, 

V temp, in heater. 

T -- time reaching maximum temperature. 

Si “ sp. ht. of fluid in calorimeter. 
v„ and being successive temperatures during the 
period of regular cooling. 

Or, in its most approximate form, using the notation of the pre- 
ceding formula, 

" log c 

where C is the quantity to be added to the actaall^' observed 
maximum 0 attained in n time intervals; whilst 6,„ and 
are successively observed tempeiuturos in the period during 
which the cooling is regular. 


No., III. 

Founded on the same differential equations used by Pape, Dr. 
Schuster has indejiendently arrived at the following formula : — 

where A0 is the fall of temp, in time AT difring the period of 
steady cooling at the temperature 1/’. 

— maximum temperature reached in n time intervals, 
temperature of enclosure. 

/.' — observed temperature after a lapse of time T' after the intro- 
duction of the hot body. 

and water values of the hot body and of the calorimeter 
and contents respectively. 

6?,, tiintt of reaching maximum. 

We now give an example wdiere the value of C is calculated by 
these three different formula} : — 



THE SPECIFIC HEAT OF NON-l^ONDrCTOKS. 


Mass of rubber 38*70 

„ foil 1*13 

,, water ...--299*2 
K- 4*3. 

Mass of perforated brass liolder used as stirrer 12*30. 
16-97 

Eooiii temp. 17' *0 
T— 99 ' after two hours’ heating 
Eise = o‘^'*03. 

Thernuwneter in water to length of 3 inches. 

’Fhe value of v was negh*gi})le. 


licadin<jH at half' minute inicrcals 


0 reading 

1()'97 .- (9., 

1 „ 

19-50 --(9, 

Q 

-j , , ... ... 

20-80 -f/, 

3 „ 

21-30 - f9, 

4 

21-58.- (/ , 

/3 

21-72--::/9, 

6 „ 

21-78- (9, , 

7 „ 

21-79 

8 * 

21-80- 

9 i 

21-80- /^„.- 

10 

21-79 

14 ... • ... 

21-71 

18 

21-62 

20 „ 

-21-58 

23 „ 

21-50- 0,„ 

24 „ 

21-48- 

2G 

21-44 

Hence 

i?'- -021 


Substituting these values in Pfaundler’s formula we get, after 
simplifying, 

C = 1^1 ( 170-2 + 19-4 - 1/32-7) , 

• 4*bo\ / 

whence C=^*17, 

and substituting the above figures for the correspondin,tf letters in* 
Pape’s formula we get 


whence 


c-9 X iU-H 

logfl 

C=-19 
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and by Scliustei's formula we get 

C--19. 

We may here r(3mark that this formula may bo much simplified 
for our purpose by using the foi’in 


as the rest of the formula generally only affects the third place of 
decimals. ■ 

If now we take *2 ' as the value of C, putting this value into 
Regnanlt’s equation, we get in the above example 

299-2J-4-3 (21*8 + *2)^16-97 ^r> 

' i38-7 ‘ "99- (21*8 + "“3H-T 

•5123 --OlOl 

•493 

Tliat the eorroction is a very necessary one is seen if we 
calculate the above, ignoring C, when we obtain for x the value 
0*471. About the same value for C, viz., *2”, was obtained by 
Pape and Pfaiindler, in a large series of experimunts made on 
various earths and salts. 

The results agree as well as can be expected, considering the 
nature of tlie substance. From the moan of tbe best experiments, 
shown in the following table, we obtain the figure -480, which, 
with a possible variation of about 2%, may be considered as the 
specific Ijeat of caoutchouc : — 


SuMMAUY or liEHUI/rS. 
CanntchoHc, 


E:rpt 

W 

! 

M 

1 MV 

T 

i 

t 

i 

C 

:v 

1 . 

LW - I )7 

0*1 

23 

*05 

95 3 

15 38 

18*28 

•12 


-■ ! 

298 '40 

0*1 

18*82 

•08 

97 *0 

J 4 - H 4 

17 * 2 ;: 

•10 

•480 


295-4 

o 

5*1 

18*35 

1*91 

98-2 

14*32 

10*84 

*12 

*474 

4 . 

293*3 

5*1 

19*55 

•85 

98-5 

15*01 

17*74 

*12 

•483 

5 . 

2;5e*(> 

4*0 ^ 

i 8'70 

•44 

98 

16*35 

19*18 

•12 

• 4 vS 4 

(5. 

298*3 

5*7 

4 1-28 

•et) 

99 ^) 

18-72 

23 39 

*24 

*478 

i 
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t 

Experiments with Oils, 


Some preliminary experiments have been made with the oils 
distilled from caoutchouc. The caoutchouc was distilled in an 
iron retort, and the vapours condensed; then the liquid was shaken 
up with sulphuric acid, washed well with water, and re-distilled 
into different fractions. The lightest fraction — a pale yellow 
colour — was used, and as the oils are all polymeric, the same 
results would be obtained fi'om all the fractions. The oils are 
isomeric with oil of turpentine, whose specific heat is -46. For 
calculating the specific heat some fragments of copper were 
heated and plunged into a known weight of tlie oil in a small 
calorimeter, the equation being now as follows: — 


and 




k 

W 


‘ ■ 

where x - specific heat of oil. 

M “ mass of copper. 

M^=:-nms§ of oil. 

/—water equivalent of calorimeter and stirrer. 
(T specific heat of the copper. 

Temperatures denoted as before. 

PjXample. — 65 c.o, oil (sp. gr. 

21-63. T-=98-0. ^=:18-45 


93) = 60-45 grin . Copper 
0 — 23* 10; whence by above 


formula we get 


•464. 


The results obtained with vulcanised rubber in the form of 
sulphured cut s^oet, were very similar to the pure rubber. There 
would be about 5 % of sulphur present, of which the specific heat 
is *202. 


Some preliminary experiments made with gutta-percha may 
also be mentioned. This body, however, is difficult to deal with, 
as it changes its condition when heated, and ag§.in when plunged 
into the calorimeter, taking a very long time to reach the maximum 
temperature ; gutta-percha contains about 30 % of two peculiar 
resins, to which its physical properties are chiefly d^ie. We 
propose to give some figures concerning this and some allied 
substances on a future occasion. • 



' NOTE ON THE PREVIOUS PAPER. 

By Akthuk Schusteu, F.R.S. 

W HENEVER the time occupied in a calorimetric experiment 
is sufficiently long to make a cooling correction )iecessary, 
it is usual to reduce the measurements by what is called tht' 
Regnault-Pfaundler method, which is sufficiently well known to 
need no further description. The method is laborious, but it is 
perhaps the only safe one to adopt. rai>e, making,certain assump- 
tions regarding the interchange of heat between the hot and 
cold body, deduces a formula for the cooling correction which is 
quoted in the foregoing paper, Unfortixuatt^l^, Papers investigation 
involves the integration of a differential equation, and this integra- 
tion is not correctly performed. It is only an accident that his 
linal result is true as a first approximation. If a second approxi- 
mation was required, Pape’s equations would not give it correctly, 
and the equation quoted by Messrs. Gee and Terry cannot be 
taken as right. 

It is a matter of some interest to know *in how far we may 
simplify a calorimetric measurement by calculating from theo- 
retical considerations the curve connecting the rise and fall of a 
thermometer placed in a cold liquid into which a hot body is 
introduced. 

Let 

V bo the mean temperature of the hot body; 

<ri the water equivalent of the hot body ; 

V the temj^erature of the cold body ; 

, fr.> the water equivalent of the cold body. 

Let t represent the time, and let the calorimeter initially be at 
the tempei^ature of the enclosure which is taken as zero. Pape 
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assumes that the passage of heat from the hot body to the cold 
body is at any time proportional to the difference between their 
mean temperatures, so that the two following equations would 
hold: — , 


dV 

(it 


\\-v) 


dv k, X h,v 

where fcj determines tlie rate at which heat is interchanged bctwepii 
the hot and cold body, and L determines the loss of heat of the 
calorimeter to the outside. 

The solution of the equations has the form — 


V 

0 


-X,i . . ~ 

A,c +A./. 

. ^ — A j / , * ' — \.)t 

Ai c * -f A.^. c 


Taking account of the initial conditions, the last equation jnay bo 
written — 

. ( 1 ) 

also /rj\ ^ ....... 

where V„ is the initial temperature of the hot body. 

The two constants Xi and A.^ are connected with ki and in a 
well-known manner. The two equations (1) and (2) involve four 
unknown quantities, A, A^, A^, <.ri, iind if A is eliminated between 
them three observations should be sufficient to determine the 
specific lieat of the hot body. 

It will appeg-r that of the two quantities Aj and A.,, one, say A.^, 
is small compared to the other, and is determined by the rate of 
cooling at the end cf the experiment, when the tempera tu res of the 
hot and cold bodies are nearly alike. If, then, the final cooling 
correction is determined in the usual way, two unknown quantities 
remain, and these may be deternnned by observing the maximum 
temperature, and the time at which the maximum is reached. 
The complete sWution is thus possible, but it is more convenient 
to reach the result by making use of the fact that certain quantities 
are so small that tlieir higher powers are negligilffe. If v is the 
maximum temperature, and the time at which it is readied, we 
SCO from (1) that ♦ ^ • 

■* A >6 0 
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hence 




jc V — 

-- . -li p. 

tr.^ Xl 

It now becomes ii(3cessary to iiitioduce the connection between 
the two values of k and the two values of A.. 

The original differential equations give 

(3) 


A,X, 




(T.y 


(4) 


III any actual experiment we should endeavour to make the 
loss of heat to the outside, which is proportional to L, as small as 
possible, at any rate small compared to ki, and hence one of the 
quantities, Aj and A.j,, say A.,, will be small. 

As a first approximation, then, we obtain from (3) — 

A 


where 1/S is written for ~ + - 
The complete equation (3) gives 

V b 

— ^ {*4“ — \ 

b ki 

and hence to the next approximation: — 

= + 

S S 

from which it follows that 


and hence 


— ^ _j_ Aj S — erj 
Ajcr^ Ai (r.^ 




-A/ 




(ri + cr.^ 

If there was no cooling the final temperature ,would be 

- o-i + Wj 

where S represents the correction to bo applied to the observed 
maximum. Hence 


o-.V., 
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If Aa^' is small so that higher powers may bo neglected, the cor- 
rection finally becomes — 

.... ( 6 ) 

It remains to be shown how A.^ and A, may be determined. 

The cooling will become steady as soon as becomes 

negligible, hence in that case 

* - Kt 

V Ac 

and 7 -- 

/io ! V 

Hence A., is the cooling at the end of the experiment in one 
interval of time r(3diiced to one degree dili'erence between the 
temperature of the enclosure aiid that of the calorimeter. The 
first term in the equation for the correction represents therefore*' 
the amount of cooling of the calorimeter during the rise to the 
maximum, calculated on the assumption that the rate of loss of 
heat is uniform throughout and equal to tlic loss at the maximum 
observed teiniieraturc. Tary. term is that used by Messrs. Gee 
and Terry, and is also the first term of Pape’s correction. The 
second term in the experiments recorded was negligible, and we 
may easily sco under vriuit conditions the term is small. If /V 
has bot^n found by Experiment as shown abo;^, and // is known, 
we might find A, {ri>in the equation, which gives the maximum of 
temperature, viz. : — • 

( 6 ) 

It is convenient in the first j)lace to establish an approximate 
value of Aj, and to use the equation, if necessary, to find a second 
approximation. During the first few intervals the vise of tempera- 
ture chiefly depends on Aj, and we may write (1) 


A(l. 




) 


where A is approximately the maximum rise; htvrce 


Aj/--: 


log b — log 0 


log e 


( 7 ) 


where v is a temperature obseiwed at tlie time t soon after tlie 
introduction of the body. As the rise then may be irregular, it 
will be safer to use it only as a first approximation. Equafion (5) 
gives 


log'V=. (A,~A,)i' log I 


( 8 ) 
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If tlio value of \i obtained by (7) is substituted in the left hand 
side of this equation, a sufficiently near approximation for the 
same (quantity will be obtained. Thus in the experiment recorded 
in the previous paper, A,, as found from (7), is 0-7; A^ i^ found to 
be -0045, and (8) then gives A^ — 0*6. 

Tlje second term in the correction as given in equation (6) is 
now found to be negligible, but chiefly because is small com- 
pared to tr.y. This need not always be the case. If we were to 
Moterinine the specific heat of a body like paraffin, which becomes 
viscous at comparatively low temperatures, ‘we should have to 
take large quantities heated, perhaps, only 10 or 20 degrees above 
the temperature of the water, and in this case the second term in 
the cooling coi'rectiou would have to bo taken into account. 

If another observation is taken sufficiently soon after the intro- 
duction of the hot body to allow the higher powers of Ai^ to be 
neglected so that the equation 

r — AA,^ :='rA|^ 

bolds with sufficient approximation, Equation (G) iiiay be written 

\ vj 

^ where v is an observation of temperature ^taken at the time 

This is the forr^n in which I gave the eqvation to Mr. Gee to 
be used in his reductions, and taking account of the difference 
in the notation it is identical with that quoted by him. 

It is easy to generalise the equations so as to render them 
applicable to the case that the calorimeter at tlie beginning of the 
experiment is not in thermal equilibrium with its, surroundings. 



ON THE COMPARISON OF THERMOMETERS. 

By Thos. Ewan, I?li.D.. B.Sc., and W. W. Haldank Gee, B.Sc. 
(From the Memoirs of the Maiich. Lit. and Phil. Society.) 


rjlHE experiments described in the following paper wert^ 
undertaken with the object of finding a practical method for 
standardising platinum resistance thermometers and comparing 
them with mercurial thermometers. 


The platinum therinometer, as suggested by Siemens, has been 
improved by Callendar,'-’ who found that, if the ratio 


100 (A': 

d-vjoo 



be taken as ** teinpi^aturo by platinum thermfiineber [where 

K,„ and Eioy are the resistances at r, 0% and 100‘' respectively], 
then the differences between the Veadings of an air .thermometer 
and those of the platinum thermometer are represented by the 


equation 





For the specimen of platinum wire used by Callcndar tlya constant 
0 was found to be 1*57. This formula agreed with the results 
mthin 1 % through a range of 700 degrees. 

Griffithst has confirmed these results, and has shown that the S 
formula represents the differences between tjie readings of air 
thermometer and the platinum thermometer with even greater 
accuracy than Callendar had supposed. 


• Phil. Trans., 1887, Pt. A. 

t B. A. Reports, Leeds Meeting, 1890. (FAectriciun, Oct., 1890.)^ 
Proc, Boy. Soc., June, 1890. 

Callendar and Griffiths, PToc. Roy. Soc., Dec., 1890. 

Griffiths, Phil.f Trans., Pt. A, 1891. 
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Under these circumstcances we thought it desirable to elaborate 
a method which would allow of the platinum thermometer being 
standardised and then used for comparison with mercury ther- 
mometers, and especially to find what degree of accuracy could 
be attained without the use of elaborate precautions or special 
apparatus. 

To determine the fixed points on the scale of the platinum 
thermometer we immersed it in the vapour of water boiling under 
diiWnished pressure. The same apparatus served for the compari- 
son with the mercury thermometer. 

Regnault’s tables of the pressures of aqueous vapour have 
already been used by Shaw" for measuring temperatures. He 



•t , 

aspirated a known volume of air saturated with moisture at h. 
temperature “ ty' through tubes tilled with pumice Jiioistened with 
strong sulphuric acid. The increase in the weight of these tubes 
gave the data necessary for calculating t,. This method is, 
however, Only applicable to ordinary temperatures. 

The platinum thermometer (Pig. 1.) wdiich we used was mad(> 
under the direction of Mr. K. H. Griiliths, by Mr. Thomas, of 
Cambridge. It consists of a platinum wire coiled on a roll of 
asbestos paper. ‘The ends of this wire are soldered to thick 
copper leads, which communicate with binding sc]fews. The coil 
is protected by a thin glass tube closed at the lower end. The 
copper leuds are insulated by narrower glass tubes. The resistance 
of the coil at 0^' was 10’637 ohms. 

The mercurial thermometer used was one by Hicks, and was 


Phi^. Trans, (Cambridge), 1885. 
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graduated in half degrees. The calibration of the stciii gave the 
following corrections : — 


Correction 

at 100“ 

+-38 

) > 


90 

+-32 

If 

1 y 

80 

+ -27 

1 > 

» 7 

70 

+*22 

it 

77 

60 

+-15 

1 i 

7 7 

50 

4- -14 

» 1 

77 

40 ...... 

4 -12 

j f 

77 

30 

4-08 

9 

> t 

77 

20 

4-06 

’ i 

i7 

10 

4-03 

i i 

J 7 

0 

40-0 


The measurements of the resistance were Jiiade by means of a 
post-office resistance box, by Elliott Bros., and a sensitive gal- 
vanometer. The resistances were x'cad directly on the box to 
*01 ohm, and the numbers in the third decimal place obtained by 
interpolation from the deflections of the galvanometer. 

The I’esistance coils were of German silver, and were correct 
at iO' C. Th^ temperature was taken by a thermometer (graduated 
in tenths of a degree) placed inside the box, but owing to the 
construction of the latter the thermometer could not be in actual 
contact with the c<iils, which introduces a considerable uncertainty 
into the corrccLion foi* the tempei‘ature of the coils. Most of the 
irregularities in the measurements of temporaturg by platinum 
thermometers are probably due to this. Tlie correction was 
applied by the formula 

,5 B,,- Hvl I - 0 0004433 (19 - /)] 

An error of 1 ’ in taking the temperature of the coils^may make 
an error of 0*2'^ in the temperature measured by the platinum 
♦ thermometer. 

The platinum coil was connected with the resistance coils by 
thick leads, consisting of bundles of copper wires. Three or four 
Leclanch6 cells were used, and a commutator was included in the 
circuit, * 

After several unsuccessful attempts the apparatus^ shown in 
Pig. 2 for boiling water under diminished pressure was found to' 
give satisfactory results. • 

It consists of a copper \^ssel A, such as is used for determining 
the boiling point *of thermometers. Tho^ upper end is closed by 
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an india-rubber stopper, through which two glass tubes pass. One 
of them terminates shortly below the stopper, and through it the 
stem of the platinum thermometer passes, the joint being closed air- 
tight by a piece of india-rubber tubing slipped over both tubes. The 
other is long enough to admit the mercurial thermometer, and is 
closed at the lower end, and filled with w'ater covered by a layer 
of paraffin, or better, with mercury. 

It is necessary to protect the mercury thermometer in this 
as the exposure of its bulb to the diminished pressure inside 



the apparatus may produce a very sensible error in its indications. 
{Vide Gnillcmme TJ^ermomHrie de IWcisum. Paris, 1889.) 

Kegnault, '- in his experiments on the vapour tension of steam, 
made use of a similar arrangement. Some experiments wdiich he 
made on this point showed that the readings of the thermometer 
at 100^^ were the same whether it was directly exposed to the 
steam oi not. 


Mlm, de Vacad.^ t. 21. 
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The steam issuing from the opening C is condensed by an 
ordinary Liebig’s condenser. It is important that there should 
be no narrow tubes in this part of the apparatus, otherwise the 
pressuvp in the boiler may be higher than that indicated on the 
gauge. The gauge (G) was of the simple barometer form, the tub(v 
being 12 mms. internal diameter. The height of the mercury was 
read on a brass meter scale, placed behind the tube, by a telescope 
at a distance of about Gft. 

The pressure regulator D was of the form descidbed by ■ 

and Stadel and Schummann,t and was found to give satisfactory 
results. The pressure could be kept constant within 0-5 mm. for 
half an hour at a time. 

The pressure regulator, the gauge, and the receiver E com- 
municate with one another through the reservoir P, which consisted ' 
of a Winchester quart bottle standing in a large vessel full of 
water. 

The first experiments wore made with a glass boiling apparatus, 
but «at temperatures below 100'' the indications of the thermometer 
were 0*1 to 0*2'' too high. The boiling point of the platinum 
then-iiiomoter was found practically the same in both the glass and 
the cox:)per apparatiu?. The diflcrence at lower tempei’atures. 
probably due to tlfo fact that water docs net boil regularly in a 
glass vessel under dhninished pressure. This irregular l.)oiling 
gives rise to sudden alterations in the pressure,* and to over- 
# heating of the steam. 

In making the measurements of tempei’atiire by the platinum 
thermometeis the greatest error was (as has already been men- 
tioned) in the correction for the temj>erature of the reststance box. 
To eliminate this as much as possible, wo took readings of tlie 
resistance at 0^^ and 100'' before each set of observations, and then 
kejjt the temperature of the coils as constant as possible while 
the readings at intermediate temperatures wel^3 made. 

In detcnnWiing the zero point, the platinum tlierinometer was 
left in tlie ice for at least an hour, and the current only closed 
niomentarily (the first swing of the galvanometer ndedle being 
read), in order to avoid heating the wire. 


* Nicol, Phil Maff. (5) xxiii, 389. 

t Stadel and Schuinmann, Zeitschrift f. Inf^rumcntcn Kunde, 301, 1882, 
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The current was also reversed in order to eliminate thermal' 
effects. No correction was ii\ade tor the resistance of the copper 
leads. 

The zero point was found at diflerent times. 


Resistance at 0*. 

Mean. 

Difference 

from 

Mean. 

io-g;388 


+ -OOU) 

10 -0401 


f ■nn*2‘,> 

XiHmS 

i 

- (Krio 

io-u;3t)0 1 

1 1 

- (HJlli 


The following are the determinations of the resistance at 100"' 
in the order in which they were made, and it is curious tliat they 
increase and decrease regularly. 








Mean. 

Dilference from mean. 


14 ■.•my 



In glass 

j 

.M-3LV30 

i4-3l4:) 

li;32J2 

. + -UOIK 
- -(HKa 

apparatus. 

J4;3l(:i8 


- •IK)44 

- -(KJL^O 


lj4-322r) 

( 

! Mean. 



/ i 4-yi2ii(; 

1 

4- ■IKt24 

In copper 

1 14-^{l!43 ! 

i 

+ -(HWI 


; 14-3201) i 

14-320*2 ! 

+ -(UK)? 

apparatus. 

I 14;U7G i 

1 

1 

- -(xm 

1 

1 14-;Mo4 i 

1 1 
! 1 

- -IKVIH 


The ratio from the experiments in the glass apparatus 

is 1-3463, from those in the copper apparatus 1*3462. These 
numbers agree very closely with those obtained by Callendar 
(1*3464), and by Grifiiths (1*3462). 

The following niuiibers will serve to show the degree of 
accuracy which may be reached in measuring the temperature by 
platinum thermometer. 

pt is temperature by platinum thermometer. 

R.T. is the- boiling point of water according to liegnault, 
corresponding to the observed pressure. 
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Heaistance. 

}>t. 

Pressure. 

U.T. 

Pt. Cojrr. 

j 

Dill i 
i 

140414 

1)2*40 


1)2*;{;1 

1)2*30 

- 1 

-f *03 


86*47 

4d6-±i 

86*;52 

86*21) 

-4- *03 

Rioo = 14-a2(»!l 



UJ371 

07) *05 

6;i6 *71) 


1)5*08 

j -f- *0i> 

i;08I()8 

86*4.5 

454*1)8 

Hti-i'. 

86*26 

1 -01 


70*24 

;3:ii)-7r) 

78 -'.w 

78*1)8 

; - *oi; 

Rjoo - I4*;U54 


I409;i4 

OS *78 

(;o.‘{-7i 

^ V)3*rU) 


4* 

14 1178 

1)4*40 


1)4-36 


-j-*04 

R{ *81)47 

88^‘{4 

4!)f)-r)!) 

88*20 

88 '18 

-h’02 


81 *76 

WO-Srt 

81 *46 


- *07 


Riot,-: li-ms a, - 


Tlie column Pt. Con*, contains the readings of the platinum 
thermometer reduced to air thermometer degrees by Callendtir’s . 
formula, viz. : — . , s 

“lOOj 

where 5 was 1*57, agreeing with the number found by Calleudar 

and GrifTlthi'4. 

« 

The following table contains the results of a compai-ison between 
the readings of ((7.) the platinum thonnometer, (h) the mercurial 
thermometer, (c) the > number from Begnault’s Tables (calculatatf * 
by Brocli, Tmv. Ifnr, Poids rt Mf^s. T). ^ 




• 


. 

}<2ri*oi* l>y 

(t. 

h 


c ~b. 

ii~h. 

direct 

calibration. 


^nM)-i7 

1 irH)*55 

-}- ‘»>8 


+- *38 


100 -IK) 

I HH)*308 i 

i + *308 


• 4- ’35 

1)5 •( >S 

1)4*83 

i 05*13 

4- '30 

4- -25 

1)2*30 ; 

02 -IK) 

! 02*33 

-t-'33 

4- -30 

-f *33 

86 ■2(; I 

86*(M) 

i 86*25 

4- -25 

+ •2(; 

i -f*30 

78 'H8 

78*67 

1 78*02 ’ 

4- '25 ! 

4- *31 

! 4- *26 


These numbers show that as far as the experiments have been 
canied the method is accurate within O'^'l. 

If a greater degree of accuracy be desired, the coils may be 
kept at a constant temperature by means of a thermostat, which is 
the method used by Griffiths, or the measurements may be made 
with a slide meter bridge, the comparison being made with 
reference to coils immersed in water. It would «ilso bo advan- 
tageous to increase the resistance of the thermometer. 



THE SPECIFIC GEAVITY OF SOLUTIONS OF 
NAPHTHALENE IN BENZENE. 




By Arthuk Harden, M;Sc. 

rilHE following (ioterininatioiis were made with the object of 
ascertaining the behaviour of a typical non-electrolyte dis- 
solved in a liquid other than water. 

The method employed was that of Sprengel, as modified by 
Perkin (Jonnt, Chevi, Soc., 18B4, p. 443). The specific gravity 
tubes employed had capacities of about 14 and 15 c.c., and all the 
weighings are reduced to vacuo. The solutions were all made up 
by carefully weighing out the substances into stoppered bottles. 

The benzene employed was freed frmn thiophen by treatment 
with sulphuric acid.^ and was then further purified by crystallisa- 
tion and distillation. Its specific gravity at 20 720'' was O’tSOTOO. 

Two determinations with each solution were uiade, the tube 
being replaced in the batli and readjusted. The results, which 
are probaVdy accurate to 0*01 %, are given in the following table:- - 



X Napli, 

Specific ( Gravity (20 /20 ). 

Mean. 


! 

J. 

11. 



; 0000 

*S70G7 

! -87972 

-87970 

1 

o-rm 

•88053 

1 -88055 

-88054 

2 

1V76 

•88241 

! *88240 

•88241 

y 

5073 

*88000 

‘88000 

’88003 

4 

1 9-148' 

•89259 

■892C8 

•89204 

5 

I 14-814 

•90001 

o 

o 

o 

8 

Q 

0 

18*744 

*90550 

•90574 

■90505 

7 

i 27*170 

*91771 

•91778 

■91775 


The saturated solution contains 35-5% of Naphthalene. 


In order to ascertain whether the volume occupied by the 
naphthalene in these solutions is independent of the concentration, 
two methods may be employed. 
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I. — Assuming that the benzene retains its original volume, the 
volume of the naphthalene may be calculat(3d for each solution 
and hence its specific gravity obtained. It must be remembered 
that in this way the experimental error is enormously multiplied, 
especially in the case of the more dilute solutions. An error of 
0*01 % in solution 1, becomes one of nearly 2% in the specific 
gravity of naphthalene deduced from that solution. 

The numbers obtained in this way are given below, and only 
show a variation amounting in all to about 0-9 %. 


Solution. Sp. gr. of Naphthalene. 

1 1-0475 

2 1-04164 

3 1-03998 

4 1-03916 

5 1-03834 

6 1-03845 

7 1 -03813 


11. — The theoretical specific gravity of the vaiious solutions 
may bo calculated by taking that of one of them as the standard, 
and adding or subtracting benzene until the required concentration 
is obtained, it being assumed that no contraction or expansion 
takes place. • , 

In the following table arc given the results calculated in this 
way, taking solutions 6 and 7 the stam lards: — , 



Specific gravity. 


Calculated from j 


0 

^ 1 

1 

•88050 

'88050 

2 

•83280 

•882:3C , 

3 

'88053 

*88050 

4 


■89257 

5 

•‘J0008 ' 

•90004 

0 


•90508 

7 * 

•01782 

.... 1 


experiiiic 

■I 

■88004 
•88211 
•88008 
•8020J 
, *00008 
•00505 
*01775 


The greatejrt differences here fall within *01 and the con- 
clusion is therefore justified that when a concentrated solution of 
naphthalene in benzene is diluted, the volume of the ’resulting 
solution does not differ by so much as *01 % from ilie sum dl the 
volumes of the original solution and of tlj^e benzene added. 



ON THE ELECTROLYSIS OF SILVER NITRATE 
IN VACUO, 

Bjf Aiithur Schustkk, F.R.S., and Akthuii W. Cuossley, B.Sc. 
(From the Proceedings of the Royal Society.) 


rjPIHE following investigation was undertaken in order to clear 
up some minor irregularities which occur when the intensity 
of an electric current is measured by means of a silver voltameter. 

The electrolysis of silver nitrate yields, with moderate precau- 
tions, such very consistent results that it seemed of interest to 
follow up the small apparent deviations from Faraday’s laws 
which are found to exist. One of tliese irregularities has been 
noticed by Lord Rayleigh, who found that the deposit of silver 
from a hot solution was about one part in two thousand heavier 
than the deposit fi'om a cold solution. A second anomaly lies in 
a small but regular discrepancy in the deposits when th(3se are 
taken simultaneously in platinum bowls of different sizes; the 
difference, according to our experiments, seems to depend on the 
cun-ent density at the anode. But the chief part of this paper 
will deal with tlie fact discovered by us, that the deposits are 
slightly larger when the electrolysis is conducted in vacuo than 
when, as usual, the voltameters are exposed to air at the ordinary 
pressure. This difference wo trace to the effects of dissolved 
oxygen, for when the electrolysis is carried out in an atmosphere 
of oxygen tlie deposits arc smaller than those obtained in air. 

The apparatus we employed to obtain a deposit in vacuo is 
illustrat'sjd in Fig. 1. An inverted bell- jar, closed at the bottom 
by an india-rpbber stopper and at tke top by a plate of glass, 
contains a tight-fitting cylindrical cage of wire gauze, which 
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servos as support to the electrodes. The platinum basin is placed 
on two stout copper wires, F, which are soldered to the cage. 
Metallic contact between the wires and the bowl is secured by the 
help of tinfoil, which is wrapped round the wires and forms a 
cushion on which the bowl rests. One of the wires leading to tlui 
battery is soldered to the cage. The anode is suspended trom a 
glass rod, C, fixed to the cage near its upper ^md, tlie current 



being conveyed to the anode by an insulated wire passing through 
a glass tube, B,'" which is also secured to the cage. Three pieces 
of glass tubing pass through the india-rubber stopper; dne serves 
to exhaust the vessel, while the wires leading to the battery pass 
through the remaining two. 

The stopper is rendered airtight by means of Faraday cement, 
and some grease has to bo used to prevent leakage between the 
glass plate and bell-jar. To prevent particles of this grease con- 
taminating the solution, a tightly -fitting piece of cardboard, not 
shown in the figtire, was placed above the cage. In the latter 
part of the investigation two nearly identical boll- jars were used. 

The same current always passed through two or three volta- 
meters in succession, and the deposits obtained siihultaneously 
were compared with each other. One of the platinum bowls, to 

o 
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bo referred to as the large bowl, has a diameter of 5 inches, while 
the smaller bowl had a diameter of inches. 

The silver anodes had a thickness of about 2 nuns., and gene- 
rally larger anodes were used in the large bowl than in the small 
one. With respect to the contact betwe(?n the anodes and the 
platinum wires conveying the current, it seems worth while to 
draw attention to a precaution, which, if neglected, may cause 
serious trouble. ^ We placed at first, for the sake of convenience, 
tive anodes simply into two loops of platinum wure. Those loops 
crossed at right angles as in Fig. 2. The durreut under these 
circumstances is apt to pass partly from the platinum wires, and 
dark red crystals (probably AgJJy) then shoot out rapidly and 
form a bridge across the electrolyte. 

We have not observed similar effects when the silver plates 
were perforated, and the platinum wires which passed under the 



silver y^late were everywhere in metallic contact with it. We 
used filter paper to cover the anodes, and followed generally Loi-d 
Rayleigh’s instructions regarding the conduct ot the experiment. 
The platinum basins were in some experiments first cleaned out 
with sand, but often this was not done. They were then washed 
with (1) concentrated nitric acid, (2) strong caustic soda, (3) tap 
water, (4) distilled w^atcr. They were dried roughly with a clean 
silk handkerchief and heated over a Bunsen flame. After an 
hour’s cooling they were weighed. The deposits of silver were 
washed three or four times with dikilled water, and allowed to 
stand under water for a night; they were then again washed 
several times and dried in an air bath at first at liW C.; the tem- 
perature was finally raised to ISO"’ for ten minutes. After an 
hour’s cooling, the final weighings were taken. 

In a large number of experiments it almost certainly happens 
that some anomalous results are obfained, either through insuffi- 
cient washing or through loss of small quantities of silver. We 
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give, without exception, the result of each experiment, and think 
that on the whole tlicy show a remarkable consistency in the 
indications of the silver voltameters. The effects we investigate 
are the differences in the deposit of less than one part in a 
thousand, and the possibility of investigating these differences is 
a proof that the electrolysis of silver nitrate can safely be trusted 
to that degree of accuracy. 

The only serious source of error against which we had to guard 
was the prevention of leakage in the leads between the two vohti- 
meters. * 

That our results can in no way be attributed to such leakage 
is shown by the fact that the voltameters were used in the same 
position with the bell-jar exhausted or full of air. When the jar 
was full of air, the difference in the deposit disappeared, excej^it 
for the small anomaly due to the different sizes of the basins. 

When the jar is exhausted, it might bo tlionght that a film of 
moisture could condense outside the platinum bowl, owing to the 
cooling due evaporation in an atmosphere saturated with 
vapour. If sucli a film were to a certain extent to short-circuit 
the bowl, a sinaller deposit would be formed in cacao; but our 
effect is an increase, not a dnninution, of the deposit. Our leads 
wore all carefully ifisulated, and as the resiitance of the volta- 
meters was never more than 1 olnn, there is no difficulty in 
avoiding leakage to the extent required. • 

For the sake of clearness, we do not give our results in the 
order in which they were obtained, but the nninbcrs attached to 
each oxperiiiiei*it represent the order in which they weie made. 
We begin by comparing together the deposits obtained ift bowls of 
different sizes, both being in air. 

With the exception of the last three observations, the results 
give a consistent difference of about two parts in ten thousand in 
favour of the larger bowl. With respect to the last three observa- 
tions, we have ^to offer the following explanation: In order to 
trace, if possible, the difference between the results obtained with 
large and small howls, we used in these experiments twt) anodes 
of the same size, while in all other cases the anodes were approxi- 
mately proportional to the size of the bowl. Experiment 12 is 
anomalous; we cannot account for the difference of *3 rnilligrama 
in favour of the small bowl, and siinply r^icord the observation; 
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but do not think tliat this one experiment can render the results 
of the others doubtful, especially when taken in conjunction with 
Lord Rayleigh’s observations, presently to be referred to. Exp(iri- 
nients 13 and 14 seem to show that when anodes of tlie same size 
are used the discrepancy between the bowls disappears. ^I'his 
confirms an impression we have gained that tlie effect is possibly 
duo to secondary products formed at the anode when the cui*rent 
<lensity there exceeds a certain value. It seems certain that too 
great a current density at the anode is accompanied ])y a smaller 
deposit, l)iit our e.tporinients are not sufficient to decide whi^ther 
the systematic difference in the two bowls is to be ascribed to tlie 
same cause. 


Tabee II. — CoMpariso)^ of Deposits obtained hy Lovd RaylelgJi in 
Laiye and Small Bon -Is, 


l' 

Date. 

Deposit in 
lar^e bowls. 

1 

1 Dej)o.sit ill 
small Ixnvls. 

[>iiTorenee in 
mgrms. 

‘ .Perc’entage 
tliJlereJiee 


» 






gnus. 

grm.s. 



Nov. LM) 


;iui05 

4-0 1 

-1-0 00.3 

Dec. I 

21)}^.)7 

•JiJIlO-J! 

+()»:. 

+0*017 

Feb. IS 

2-;j4S4 

, 

4-0 2 

; +0 000 ; 



. 

'J-rM.'CJ 

+ 01 

+ IHKM 

Feb. 22 

;j*2l)77 

^2000 

4 11 

+ 0 033 I 


-Jr 


-02 

-0<Mn; ; 

' Feb. 20 

2-2(;0S 

i 

2*20t>:i j 

•fO-.b 



! 

1 

22701 

-o;! 

-0(113 1 

1 Mar. b 

1 2247 

1*2247 i 

i 

±0 0 

.|:(HHKI j 

1 : 


• 1*2248 ! 

j 

-01 

1 * 

-(••(XU i 

j 

' Mar. 10 
i 

roG4« 

lOO-lO 

+0-5 

Eor>47 


i 

, 1*0045 

+03 

+0-028 ; 

Mar. 14 

1 

I 2807 

1*2802 

+ 0-5 

! • ! 

4-0*030 ! 

i j 

1 

i 

l*28V»a 

+t)-4 

i +0A)31 j 

« — I 


• 

. ... 

.]Mean 

• 

* 

... +0015 i 
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Loi’d Rayleigh, in liis experiments on the silver voltameter, 
qsetl two bowls of approximately the same size as ours, and the 
foregoing comparison will show that the dilf'erence in the deposits 
pointed out by us also appears in his results. 

In Tal)le It we have entered in two separate columns the 
deposits obtained by Lord Rayleigh simultaneously from silver 
nitrate solutions in large and small bowls respectively. 

The mean deposit in the large bowls is therefore greater by 
approximately the same amount as in our experiments. In three 
cases only were the deposits in the small bovMs heavier; and in 
two out of these tliree cases the bowl showing these larger deiK)sits 
contained a 30 per cent, solution, while the otlier at the same 
time was filled with a 15 per cent, solution. It seems possible, 
therefore, that when the strength of the solution is increased to 
30 per cent, the difference due to tlio size of the bowls will dis- 
appear*. Wo have recalculated Lord Rayleigh’s value for the 
equivalent of silver, taking the deposits in the large and small 
bowls separately, using the weight of silver d(^)Osited before 
heating to verge of redness; we find for the equivalent of silver: — 

(a) calculated from deposits in large bowls 0*0111817 

• {h) „ „ „ small 0*0111797 

Mean ! 0 0111807 

The heating to redness seems to affect the deposits equally, 
and reduces the weight, on the average, by about one part in ten 
thousand, which accounts for the difference between the above 
mean and the equivalent as given by Lord Rayleigh and Mrs. 
Sidgwick^, 

In some ol' our later experiments we used Cliree voltameters in 
scries, two of them being kept in an exhausted receiver. 

This arrangement allowed us to judge whether the difference 
in the results olitained with lai*ge and small bowls persisted in 
vacuo. The results are not very concordant, but the avei*agc 
deposits arc heavier in the large bowl, and hence we do not believe 
that thejnfluence of current density can be ascrilned to the presence 
of air in the solution. 

In ‘Experiment 27 the manipulation differed, in so far as the 
bo\vls were oleared out with sand befdre use : a proceeding adopted 
in the first experiments as far as tlie eleveftth, but abandoned 
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Sum excluding 27 1 16-0055 16-0037 +1-8 1 -fO-011 
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afterwards. We cannot, of course, draw any conclusions from a 
single experiment, but it does not seem impossible that the com- 
plete removal of the old surface by w^ashing with sand venders tlie 
effect of current density more prominent. There is, no doubt, a 
difference in the condition under which the electrolysis is carried 
out, according as the deposit takes place on platinum as in the 
first few seconds, or on silver as in the later stages, and after a 
number of experiments there may he a thin layer of silver, 
possibly an alloy of silver and platinum, which resists the action 
of acid, and can only be scraped out with sando Tt is to be noted 
that Kohlrausch took his silver deposits on platinum which had 
previously been covered with a layer of silver; wiiile in Lord 
Rayleigh’s experiments the silver deposits were retnoved from the 
dish before ti new experiment was made. The diff'eictice may 
accoimt for the somewhat greater equivalent found by Kohlrausch; 
hut the concordance of the results shows that there can be no 
systematic difference amounting to more than a few parts in ttai 
thousand. 

We turn now to the main part of the investigation, wliich is 
the comparison of the deposits obtained in air and mcuo. The 
solution used in the different voltameters was always taken out of 
the same bottle, had intended in this wav to make sure tliat 
any difference in the deposits was not due to some chemical 
difference in the solutions. It did not occur to us at the time that 
the solution in one voltameter being freed of air, we should 
gradually diminish the amount of air also in tlie other voltameter, 
for the solutions were kept in stoppered bottles.^^which did not 
allow of a ready re-absorption of oxygen. It will be seen that the 
differences in the deposits, when these were taktm in air and vacuo, 
were larger and mo7:e j-egnlar in the first experiments than later 
on, and this may Jiave been due to the gradual elimination of 
oxygen out of the solution, ♦ 

Our first experiments were made with the large howl placed 
in vacuo, atid the small one in air. The results, to wliich a later 
one is added for the sake of completeness, are embodied in 
Table IV. Lxperimciit 17 \vas not a satisfactory one, as will be 
explained later on, and is therefore included in square brackets. 

•The large^ difference between the Tesult obtained in air and 
in vacuo first drew our attention to a possible influence of the size 
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of the bowl. The experiments made to clear up this point have 
already been described. A few deposits were taken with tlie 
srnall bowl in vacuo and the large bowl in air ; although the two 
effects counteract eacli other, the deposits in vacuo are larger than 
those in air, as is shown by Table V. 

On the supposition that the effect due to the size of the bowl 
is tlie same in air as it is in vacuo, we may combine the results of 
Tables IV and V, and thus find that the deposits of silver in vacuo 
are about one part in a thousand larger tlian those in air. The 
next two experimetits (Table VI) were a surprise. 

We traced the cause of the anomalous results shown in this 
table. The anode of tlie small bowl had by reiieated use been 
gradually dissolved ; the current density was consecpiently 
increased. Under these circumstances the current becomes 
unsteady, polarisation effects make themselves apparent, and 
the deposits are no longer trustworthy. TJie deposits taken 
when the current density is too great have generally a yellow 
colour. We a^*e reminded of some old experiments in which by 
increasing the ‘current density black deposits were obtained on 
the kathode, which at one time vs^ere supposed to be a hydride of 
silver. l\)ggendorff is, generally stated to have })roved that the 
black de]>osit is n«t a compound, but silver *in a lincly divided 
state. On referring to Poggeiidorff ’s paper, his experiments do 
not seem convincing, and he has expressed himself witli more 
caution than those who quoted him afterwards. Ho states, 
however, that the black deposit often suddenly changes into h. 
light one. Sa«ne observations made by Mr. Hoskyns Abraliall 
in the Owens College Laboratory, as Avell as our own experiments, 
lead us to lielievtn that it is the current density at the anode more 
than that at the kathode which introduces tlie anomalous results. 
When the deposits are thus untrustworthy, the current, as far as 
we are able to judge, is always unsteady, so that no danger 
arises when the silver voltameter is used for tlie calibration of 
instruments. 

At this stag® of the inquiry we introduced a second bell-jar^ 
and a second voltameter of approximately the same size as the 
small one previously used. The balance was also eban^^ed, and 
the weighings were taken *on a new short-beam Ixilaiice. Tliis 
balance was unste&dy in its indications ajter first setting up, and 
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Mean 0*<M; 
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a sudden change of zero while one of the basins was being weighed 
renders the result of Experiment 17 doubtful. The numbers 
obtained in this experiment are therefore included in square 
brackets in our tables. Table VII gives the eompai’isoii of the 
deposits in air arid in vacuo taken in basins of nearly tiuj same 
size. A glance at the numbeis can leave no doubt as to the 
reality of the increase in the deposit under reduced ju’cssuie, 
although tlie amount of the increase is a little uncertain. Tlieroj 
is only one case (Experiment 23) in which the deposits ai^ 
piactically identicrPl, and in tliat case it was noticed that the 
deposit ift vacuo was yellow — an indication tliat the current 
density was probably just a little too huge. The a\’eragi! 
diticrenee betw^cen the de]iosits is about one part in two or threi^ 
thousand. 

In the last three experiments, which gave comparatively large 
differences, the solutions used were kept separate between the 
experiments, and this leads us to think that we had previously 
committed an (ji;ror in mixing our solutions, which, as has already 
been stated, mu*st gradually have become free of air. Ijxpcriment 
29 show's, liowever, too great a difference; some of the silver in 
the air bowl may have been lost in the washing. 

It seems remarliiable that the electro-cheriiical equivalent of 
silver as deduced from the electrolysis in vacuo is almost identical 
with that obtained in Lord Raylcigb and Mrs. Sidgwick’s deposits 
fi'oni hot solutions. 

One point as yet remains to bo discussed. It was reasonable 
to assume thai the increased deposit hi vacuo was due to the 
removal of tlie oxygen out of the solution. In ordor^to obtain 
more definite inforifiation, w'e took some deposits in an atmosphere 
of oxygen. In the first experiment the two hell-jars were 
exhausted, and one of them filled with oxygen, which was allowed 
to stand for three hours over*the solution before plectrolysis. 


The result was as follows : — 

Deposit m air (small bowl) 1*8018 

„ . oxygen ,, l-BOlfi 

,, ,, (large bowl) 1*8624 


There is here no difference except that due to the sizc^*of tlie 
bowl. As it seemed doubtful whether the oxygeiu had in 
course of three luAirs been absorbed to jts full extent by the 
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t 

solution, three more experiments were made and conducted as 
follows : — 

One small basin was kept in air as before ; the other was kept 
in vdciiOf while the larf^e basin was filled with a solution wdiich 
after boiling had a stream of oxygen passed through until it was 
considered that the liquid w-as saturated with the gas. The 
solution thus prepared was kept in an atmosphere of oxygen. 
The comparison between the deposits in air and odcuo have already 
been given (t.xperiments 29, 30, 31, Table VII). 

The weight of the deposits in air and In oxygen was as 


follows : — 

Small bowl 

fjargo bowl 

I ’ercontago 

in air. 

in oxygen. 

cfitlcrence. 

1-8495 

1*8488 

004 

1-8990 

1*8983 

004 

1-8989 

1*8981 

0-04 


We attribute the consistency of these results partly, at any 
rate, to the fact that the solutions used in the three bowls were 
kept separate. 

Ill looking at the figures it must bo remembered tliat the large 
bowl would, if placed in air, have given a jarger deposit than the 
small one, so that t^he difference between oxygen, and air is really 
greater than would appear from the numbers. Tliere seems little 
doubt, therefore, that it is the removal of oxygen which is the 
cause of the increased deposits in. vacuo. 

We have made a number of experiments on the polarisation of 
the electrodes in our silver voltameters. It does -not follow that 
because there is as much silver dissolved as deposited, there is 
necessarily complete absence of what is commonly called polarisa- 
tion. Ill the first place, the silver is dissolved from a compact 
sheet which is in a molecular condition different to the crystalline 
form in which it is deposited. Secondly, the silver is dissolved 
into a more coucenti*ated solution than that out of which it is 
deposited, and, as Warburg has pointed out, it is very difficult to 
distinguish polarisation effects from electro-motive forces due to 
differences of concentration. Our experiments have shown a small 
but veiy consistent polarisation of 0*007 volt, wliich was the same 
in vacuo and, in air. 

If, after the polarising current has passed, the anode is taken 
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out, and replaced after the liquid has been tlioroughly stirred, the 
polarisation is reduced, but still exists to the extent of about one- 
third the original value. Tlie electro-motive force of polarisation 
does not seem to be different when the platinum basin is partially 
or completely covered with silver ; but the greater the amount of 
silver the more slowly does the polarisation die out. Wo cannot 
draw any very dclinite conclusions from these observations, but it 
seemed worth while to put them ou record. 

We do not wish to enter into a full discussion of the explana- 
tion of our I’esults," but only draw attention to two piienomena 
investigated by Helmholtz and Warburg i-espectively. It was 
shown by Helmholtz that the small current which passi s through 
water under the action of electro-motive forces insuriieicnt to 
decompose it is due to the presence of dissolved oxygen, if part ^f 
the current in a solution of silver nitrate is conveyed by hydrogen 
atoms, no hydrogen could separate out as gas, but a re-com- 
bination with the dissolvtid oxygen could take place. A small 
fraction of tho^ current might be conveyed precisely in the way 
described by Helmholtz. In a subsequent paper,- Helmholtz 
draws from tlierniodynainic principles the conclusion that “ in 
very dilute solutions or in acids containing no salts at all, metals, 
which we othervvist^consider iinoxidisable in tli'i* acid, may dissoh e 
to a small extent with evolution of hydrogen.” 

War])urg,t in an important paper, shows that . voltaic colls 
may be formed by two pieces of the same metal, dipped into the 
same solution, if the solution surrounding one of the electrodes 
contains oxyg#:iP in solution. He establishes, furtlier, the fact that 
in such cases the metal actually enters into solution, amj explains 
thereby a variety 'of phenomena. From his observations there 
seems little doubt that even in a solution of silver nitrate, silver 
may dissolve to a slight extent. The amount so dissolved is 
possibly increased when thef silver is in tlie nascent state, and 
may then become measurable, t 

* Collected Wor^is, vol. ii, p. 97B. • 

t Wiedcjuann's Annalen^ vol. xxxviii, p. 3:^1. 

I 1 have assured myself by experiment that the well-known dinuiiiition in 
weight of copper in copper sulphate does not take in vacuo, care bt jng 

taken to remove the dissolved oxygen completely. Experiment's ai-o at present 
in progress to investigifte tlie electrolysis of copper vacuo.- -A. S. 
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We draw the general conclusion from our experiments that 
the true elcctro-cheinical equivalent of silver is probably not quite 
one part in a tliousand greater than the value given by Lord 
Rayleigh, but that, if the experiments are conducted in air and 
under circumstances similar to those under which Lord Rayleigh’s 
measurements were made, the anomalies described by us do not 
interfere with the use of the silver voltameter as a current 
measui*er. On the contrary, the fact that we were able to show 
the existence of systematic difterences amounting to not more than 
two parts in ten thousand is a proof of its trustworthiness. 



ON THE ABSOEOTION SPECTRA OF SOME COPPER 
SALTS IN AQUI^^OUS SOLUTION. 

By Thomas Ewan, B.Sc., Ph.D. (Dalton Chemical Scholar 
in the Owens Colleije). 

( From the Philosophical Ma(fa.?ine.) 


f 1 1HE following; r(3searcli was undertaken in the hojm of throwing 
some light oAi the question of the connection between the ab- 
sorption of light by salts in solution and their molecular structure. 

On dilating a solution does a change in its absorption spectrum 
take place ? Whethe* * * § ! this is so or not was the Ah'st, point wiiich 
I attempted to decide experimentally. A number of researches 
have already been cai’ried out wliich bear on this question. The 
first of these is due to Beer, *' who came to the conclusion that a 
cliange in tlie conceiitration of a solution has the same etTect as a 
corresponding cl\jLnge in the thickness of the layer through whicli 
the light imsses. The measurements of BuTisen and Roscc^ti,*!' ami 
of Zolluer,t were in li^greement with Beer’s law. Melde,§ in 18G5, 
found, by a qualitative method, that the law” held good for dilute 
aqueous solutions of fuchsino; and the greater part of VierordPs;; 
measurements also agree with ft. ^ 

Lippich,1l in 1876, observed that the absorption spectrum of 

• 

* Beor, Pogg, Aoin. Jxx.\vi, p. 7«S (IHTj'J). 

t liiinsen and Roscoo, Pogg. Ann, ci, p. (1857). 

X Zollner, Pogg, Ann, cix, p. 254 (18(50). 

§ Melde, l^ogg. Ann. oxxvi, j). 284 (1865). 

il Vierordt, Die Anwendwig des ^Spectralapijaratcs, 1^73 , ^Dic Quantb- 
tative SpcctralanalysCf 1876. 

•; Lippicli, Wien, Akad, A7i3.f 1876, p. Sr>. 


H 
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didymium nitrate is different in strong and in dilute solutions. 
This was subsequently confirmed by H. Becquerel.'* * * § * * * §§ *** ' 

In 1878 (llant made a careful series of measurements on 
aqueous solutions of several salts in different concentrations. He 
found differences between the absoi’ptions of strong and dilute 
solutions of about tlie magnitude of the experimental error. 

SettegastjJ in 1879, found a small decrease in the absorption of 
solutions of potassium chromate and potassium bichromate, with 
increasing dilution. This was in agreement with the observations of 
Gian; while Vierordt (loc.cii.)^ Sabatier, § anllO. Knoblaucbil found 
a small increase in the absorption of the more dilute solutions. 

0. Hessc^ (1880) examined alcoholic solutions of cyanine, and 
obtained numbers which did not agree with Beer’s law. His 
experimental error api^ears to have been rather large, however ; 
and more recently Ketteler and Pulfrich have shown that the 
law holds accurately for such solutions. 

The measurements of Puifvichtt and of KriissJJ on potassium 
permanganate, and of Marshall §§ and C. Norden,,;: on carbonyl 
hfeinoglobin and oxyhuc'iuoglobin respectively, show that in these 
cases the extinction co-efficients are not strictly proportional to 
the concentrations. 

The moasiitements of 13. Walter^iiij oiusolutions of fluorescein 
in ammonia show that Beer’s law only holds good up to a certain 
concentration, above which deviations occur. 

Knoblauch,"*'"" finally, was unable to observe any difference 
between the spectra of strong and dilute solutions of a number of 
salts which he examined; in a number of other cases differences 
were ^vbservcd. 

* Bccquerel, Compt. Rend, cii, j). jOG (188(5). 

t Gian, Wied. Ann. iii, p. ,'54 (1878). 

f Sottegast, Wied. Ann. vii, p. :;i42 (T870). 

§ Sabatier, dompt. Rend, ciii, p. 49 (188G), 

11 Knoblauch, Wied. Atm. xliii, p. 7^58 (1891). 

•' Hesse, Wied. Ann. xi, 871 (1880). 

]<!ctteler and Pulfricb, Wied. Aim. xv, p. 3.37 (1882). 

It Pulfricb, IVied. Ann. xiv, p. 177 (1881). 

'll Krii.^s, G . and H. , Koloriiiietrie u. Quantitative Spcdyalanahjse, p. 15(5 ( 1 891 ). 

§§ J. Marshall, see Kriiss, toe, cit., p. 211. 

II 11 C. Nqrden, sec Kriiss, lac. cit.j p. 210. 

B. Walter, Wied. Ann. xxxvi, p. .518 (1889). 

*** Knoblauch, Wied. Ann. xliii, p. 738 (1891). 
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It would appear, therefore, that the absorption spcctniiu of a 
substance in solution is, as a rule, vavial)le to a greater or smaller 
extent with the concentration. The second question which received 
attention was the connection between the spectra of tlie salts ot 
the same acid or base in aqueous solution. 

Gladstone, ■■■' in 1857, said that ‘'a particular base or acid has 
the same effect on the rays of light, with whatever it may be 
combined in aqueous solution,” This law, he found, held good 
generally, though not invariably; and this conclusion was after- 
wards conlirined by thfe researches of Jhahr and Bunsen, t I>unsen,± 
Landauer,§ Morton and Bolton„i Kussel and Lapraik,^! Sovet, ■ ^ 
Eusseljtt Knoblauch, and others. 

A discussion of a number of these papers is to l)e fonmi in a 
Eeport on Spectrum Analysis by Dr. Schuster in the Britisli 
Association Eeports, 1882, I will therefore content myself by 
referring to it. Morton and Bolton found that a large group of 
double acetates of uranium possess the same absorption spectrum. 
Ivnoblauch fouiul jn one experiment that the bands of the nitrate 
and acetate of u/anium occupied the same position in dilute 
solutions, while in stronger solutions they had different positions. 
The chloride and acetate had the same spectrum. Eussel and 
Lapraik found tliat tlig nature of the acid liad no^nlluence on the 
spectrum of uranic salts; while Oeffinger (Dissertation quoted by 
Knoblauch) apparently found no two salts of uraniuiw with tlic 
absorption bands in exactly the same position. The discrepancies 
are perhaps due to the different observers using solutions of 
different concentrations. 

Knoblauch has shown that, even in the most dilute soliitions, 
the spectra of the capper and potassium salts of eosin are not 
identical. + .]: 


* Glatl stone, I'liiL Mag. (4) xiv, jJ. 418 (18.57), and Journ. Chem. i^oc. x, 
p. 70(1858). 

t Bahr and Bunsen,^ Ann. cxxxvii, p. -0 (18<:»(>). 
t Banaeii, Pogg. Ann, cxxviii, p. 10) (1800). 

§ Landaner, Ikrhm'r Jkr. xi, p. 177 J (187li). 
ij ]\Iorton and Bolton, Chem. Xewa xxviii, p. 47 (187d). 

• iiussel and Lapraik, Nainre xxxiv, p. .510 (1880). 

** Soret, Com]}t. Pend. Ixxxvi, j). 708 (1878). 

’t Kussel, Proc. Pay. Soc. xxxii, p. :258 (1881). 

tJ. Ostwald, Zeit. PJiys. Clinn. ix, p. 5SS (1802), was unable to observe the 
didcrences which Knoblauch found. • 
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The photometric researches bearing on this question are very 
few in number. The work of Settegast " and of Sabatiert shows 
that potassium and airiinonium bichromates and chromic acid 
have very nearly the same absorptioji spectrum, while tiiat of 
potassium chiojnate is quite different. 

Erhard tj found that the violet solutions of potassium and 
ammonium chromo-aiums and of chromium sulphate have identical 
absorption spectra, while that of chromic chloride is only very 
slightly different. The spectra of the other salts of chromium 
examined were considerably different. ^ 

As may bo seen from the foregoing historical summary, the 
experiiiu3ntal material is hardly sufficient to decide whether the 
absorptions of acid and base in aqueous solution are really inde- 
pendent or not. In strong solutions, speaking generally, they are 
not; but on dilution changes, greater or snraller, occur, and it is 
natural to inquire whether there is a limiting dilution beyond 
which no further change in the absorption occurs, and secondly, 
supposing that the limit exists, whether the ^i^cid and base will 
exercise their absorptions independently of eacn other in solutions 
jiiorc dilute than the limit. 

To obtain answers to these questions, it was necessary to make 
photometric n^easurements of the fraction of the light of each 
wave-length absorbed by a molecule of different salts of the same 
metal in solutions of different concentrations. The salts of copper 
were used, as they seemed to form a suitable material for tlie 
measurements. 

A preliminary set of measurements was j*nade by a method 
not unlike that used by Knoblauch, § but I believe slightly more 
accurate, owing to the fact that it allows Llie spectra of the two 
solutions which are being compared to be seen simultaneously, 
side by side, in the si)ectroscope. A short description of it may, 
therefore, not ))e out of place. 

The spectroscope used was a one-prism graduated arc instru- 
ment, by Ililger. The prism bad a dispersion from A to H of 

* Settegast, IVlod. Ann, vii, p. 242 (1879). ) See also 0.stwal(i, yieiL Phys. 

i Sabatier, Compt. Rend, ciii, p. 49 (1886). ) Chem, ii, p. 78 (1888). 

J Krhardt, Inaugural Dissertation, F,roiberg, 1875 (?) 

These experiments were carried out in January and February, 1891 ; 
that is, several montlis before Knoblauch's paper was published. 
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about 6'^ 20'. The solutions wore contained in troughs in sucli a 
way that a long layer of a dilute solution could be compared with 
a short layer of a correspondingly strong one. The lengths of tlie 
layers and the concentrations of the solutions were always taken 
inversely proportional to each other; so that the light in both 
cases passed through the same amount of copper salt. In order 
that it should also pass through the same amount of water in each 
case, a long tube full of water was placed in front of the short 
tube containing the concentrated solution. The diagram, Fig. 1, 
will make the arrangeniont sulhciently clear. 



A B C is a trough having a movable water-tight partition of 
glass at B. I) B was the compensating tube, full of distilled 
water : F G the tubtj destined to contain the concentrated solution. 
A B and 1) E were each 88,8 mms. long, and B C and F G each 
102 mms. The light wming from a large Arganfl biuner was 
rendered ap})roximately parallel by means of a lens. The two 
ijundles of light, after traversing the isolutions, pass tlirough the 
glass cube H, by which means the two spectra are seen, the one 
above the other, and only separated by a narrow black band due 
to the edge of the ^.ube, which was not (juite sharp. The experi- 
uieiits were carried out as follows : The tubes B C and F G^vere 
illled with a strong s(5lution of, say, copper sulphate, and the 
tubes A B and D E with distilled water. The volumes put into 
A B and B G were proportional to the lengths of the two parts. 
The lamp was then arranged so that the two spectra appeared 
equally bright, and as nearly as possible the same in every 
respect; measurements of both were then made. The movable 
partition at B was then removed, the solution in B C mixed with 
the water in A B, the partition replaced, and measurements made 
again of the spectrum. By this means any change due to dilution 
which occurred would be detected. The absorption of the copper 
salts examined consists*of a strong general absorption in the red, 
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and a greater or smaller absorption in the violet and blue. The 
readings were made by means of a vertical fibre of silk in the 
eyei^iece of the observing telescope. The positions of the extreme 
ends of the luminous spectrum were read, and also the positions 
in which the silk fibie was just visible against the luminous 
background of tlie spectrum. The spaces between these readings 
were taken as the penumbra. The measurements made on the 
divided arc of the spectroscope wore reduced to wa\'e-lengths by 
interpolation in, a curve constructed from measurements of various 
known lines, which were repeated from timfi to time. 

The following table contains the numbers obtained for copper 
chloride. Under A, are the wave-lengths of the two positions 
read for concentrated solutions; under /V, the same readings for 
dilute solutions. The dilute solutions were about one-tenth the 
concentration of the strong solutions. The numbers are all the 
means of two or three readings, and the concentrations are given 
in gram-equivalents of salt in 1 litre of solution. The differences 
are taken so that a positive difference means Ji^ii increase in the 
length, of the visible spectrum, and incc vend. 


Tahlk T. — Copper CJilorlde. 


Conceiil. ration 
of strong 


Violet end. 



Kcd end. 


solutin^is. 

A,. 

K-‘ 1 

Aj — A.J. 

A,. , 

A.. 

A,--Ai. 


47S7 

■ 

4-40 J 

028-4 

031-2 

+ 2*8 


4S(*)-S 

44;3-0 : 

+ 43 8 

043 2 . 

o4l )'8 

-•2*4 



: 

+ 12 0 

r»372 

o30(; 

+ 2*4 



1510 ; 

+ 120 

OVi+O 

o.">2 4 

+0*8 


4;3!-u 

427U : 

+ :3-4 

r>72-0 

507 8 

— 4*2 

i 

444 0 

4;i7*2 ' 

+ 7*4 

r>70'4 

r)7i)-4 

1 

^ +3*0 



4:il0 i 


57o'2 

575-0 

, -0*2 


i 4ar>-H j 

428-0 : 

+ 7-8 

r>7i)s 

o77-4 1 

. - 2*4 


j 4:i40 

Mrv4 ! 

+ 8 0 

r»80\> 

580 0 

+0 


i 

427*0 1 

4- 3 0 

oS4 0 

5840 1 

qpo 

Vni8 

i 414*8 

412*4 i 

+ 2-4 

! 59(5^; 

5000 

+0 

, 

j 4tin-8 

417*8 

+ 3 0 ‘ 

I 

r>02() 

0020 

TO 


The temperature varied from 15'' to 17''*2 on different days. 
The wave-length of^ the extreme violet end ‘of the spectrum when 



COPPBK SALTS IN AQUEOUS SOLUTION. 


103 


the trough was filled witl/distilled water was found (on different 
days) 416-0, 417*2, and 411*2. This shows that the more dilute 
solutions transmitted the whole of the violet light. The average 
difference of a single reading from the mean was about +1*5 units 
m the wave-length. 

The above numbers show that the position of the absorption 
at the red end of the spectrum does not vary with dilution. The 
differences vary irregularly in sign, and are of about the magnitude 
of the experimental error. The absorption in tWe violet (which 
extends into tlie greeti in the case of the strongest solution) dis- 
appears on dilution, so that a layer of 102 mms. of a solution 
containing about 1 gram-equivalent of salt in a litre shows no 
noticeable absorption. No change can, of course, l)e seen on 
further dilution ; it would, however, be rash to conclude tliat the 
change has reached a limit at a dilution of 1 gram-equivalent in a 
litre, as with an Argand burner the visible spectrum only extends 
to about half-way between G and H; it probably goes on till 
much greater dily^tions are reached, only in the ultra-violet. 

y 

Table 11. 



The concentration appears to have no influence on the^spectra 
of copper sulphate and nitrate. This agrees with the results of 
Knoblauch; but, as will be seen later, this is not quite accurate, 
the concentration really exerting a small influence on, the spectra. 
Comparisons of 'the absorptions of CuGL and Cu(NO;i )2 in 
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tolerably dilute solutions showed that lio appreciable difference 
exists between them. The numbers obtained are given in Table III 
(p. 105). 

This method of merely comparing the limits of the spectra of 
two solutions does not appear to be siilliciently accurate. It is 
quite possible that general absorptions may exist in a spectrum 
w'hich, not being sufficiently large to altogether extinguish the 
light at any place, may pass unnoticed. For example, the photo- 
metric moasureiUents made on a strong solution of copper nitrate 
sliowcd that it exerts a small general absorption over the violet 
part of the spectrum. This entirely escaped detection by the 
method described. 

According to B. Walter,'’* the width of the penumbra round an 
absorption band is cotmectod closely with the presence of more 
complex ‘molecular aggregates in the solution. On diluting a 
strong solution of copper chloride, he found a sudden change, at a 
certain point, in the width of the penumbra, due to the breaking- 
up of the complex molecules. Table IV (p. 1^5) contains the 
measurements of the breadth of the penumbra,'' calculated from 
Table I, for a number of solutions of copper chloride. 

On the whole the numbers cannot be regarded as showing 

1 

any sudden diinhuition in the breadth of ^lie penumbra. The 
variations appear to be accidental, and are inobably due to 
variations ii? the brightness of, the spectra caused by alterations 
in tlie relative positions of the lamp and the tubes containing the 
solutions. 

Photometric Results. 

The pjcthod of Vierordt was employed, the instrument used 
being a universal spoctro-photometer by A. «Kriiss of Hamburg. 
As this instrument has already been described elsewhere, t no 
lengthy description of it will be necessary. The apparatus 
consists of an ordinary spectroscropo, the slit of which is divided 
into two halves, eacli of wliich opens symmetrically, and in an 
accurately measurable manner, by means of mtcrometer screws, 
the heads of wliich carry circles divided into lOp parts. By this 

• B., Walter, Wied, Jmt, xxxvi,p. (1880). Compare Biihlendorff, Wied. 
Ann. xliii, p. W (1801). 

t Berichte xix, p. 2739 (3HS6) ; Zcitschrifi anal. Chan, xxi, p, 182 (1882) ; 
G. <& H. Kriiss, Kolormetric, p. 90 ct seg. *■ 
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means it is possible to vary the brightness o\ the upper and lowei* 
halves of the spectrum independently of each other by varying 
the width of the slits. A second slit in the eyepiece of the 
observing telescope makes it possible to cut out a band in any 
I)art of the spectrum. The position of the centre and of the edges 
of this slit (which also opens symmetrically) can be read off by 
means of micrometer screws. 

The ocular slit was oi^ened 56 divisions (on its screw), which 
corresponds to a breadth of about 0’27 mm. This divided the 
whole length of tlie visible spectrum into 19 ^parts, in each of 
which measurements were made. 

For an account of the precautions wliicli must be taken in 
using the instrument, it will be sutlicient to refer to the works of 
G. [ind H. Kriiss and of Vierordt, more especially Die Anwendivmf 
(Jes Spectrahipparates zur PhotomeLrie dcr Ahsorptions-sx^ectrcM 
(Tiibingen, IB73). 



The solutions wei’o contained in cells of various lengths. As 
the measiueinents are juost acc'urate when the absorption lies 
between oO and 85 per cent, of the total light, the length of layer 
\Yi\s chosen so that the absorptions to be measured should as 
oftem as possible fall between these limits. Three cells w^ere 
used --viz. ^ a Schulz cell, the glass tube of which had a thickness 
of 1*006 cm., and two troughs, 7'64 and 22*86 ems* long respectively. 
When using these trouglis the liquid only filled the lower half, 
the meniscus being placed at the level of the division between the 
tYvo halves of tlie double slit. As, however, thif} produces a black 
band, about 2 inms, broad, between the two spectra, thereby 
greatly increasing the dilficulty of comparing their brightness, a 
flint glass •rhomb was placed between the trough *and the slit, in 
the same way as in Hiifner’s spectro-photometer.’'^ The arrange- 
ment is shown in Fig. 2. 


Xei/. phys, Chem, iii, p. 562 (1880). 
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The ends of the trough were provided with screens of blackened 
card of sufficient width to prevent reflections from the sides of the 
trough or from the meniscus. The source of light was, as before, 
the Argand burner. The measurements were made i)i a dark 
room, and extraneous light shut off from the apparatus as mucli as 
possible by screens, and from the eye of the observer by a piece 
of black velvet which covered the eyepiece of the observing 
telescope. The light from the Argand burner was concentrated 
by means of two lenses on a hole, about -j^jr^inch diameter, in a* 
black screen, and after passing this was made parallel by a lens 
of about 15 inches focal distance. The light thus obtained was 
rather faint, but it was not found possible to obtain reliable results 
otlierwisc. The salts examined Avere carefully purified, and the 
solutions made with twice distilled water. They were filtjered' 
immediately before being examined through fine Swedisli filter 
paper. All the solutions were analysed after being filtered, as the 
filtration made a small difference' in the concentration. The 
analyses werf made by the vci'y convenient method — titration, with 
thiosulphate 'solution, after adding excess of potassium iodide — 
described by Westmoreland." The concentrations arc, as before, 
given ill gram eqiiiyalents in one litre of solution. 

The measurements are made as follo\^s : The cell, either 
empty or filled with, distilled water, is adjusted before the slit of 
the spectroscope on a suitable .^tand, and tlie ratio of the intensi- 
ties of the light which has passed through the upper and lower 
halves of the trough is read, in various parts of the spectrum. 
This gives cori’cction to be applied on account of tlie apparatus. 
Tile solution is now placed in tlie trougli, and reiJdings made 
through as mucli of the spectrum as possible. Ten or more single 
readings were made in each region and the mean taken. 

The formula? which I have used in reducing the results 
are : (1) for the §chulz cell, • 




(2) For the ordinary troughs, 




b(l-pf 




Journ, Soc, Chem. hid., 48 (1886). 
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where n the two spectra having been made 

width of upper slit ^ 

of equal brightness, and the empty trough being before 

the slit. 

b is the same ratio when the trough contains the solution. 
jp the fraction of the incident light absorbed by the dissolved 
substance. 

^/ — the fraction absorbed by the water. 

' /3-- loss by reflection at surface between ends of trough and air. 

loss by reflection at surface between Schuk cube and air. 

— loss by reflection at surface between ends of trough and 
solution. 

— loss by reflection at surface between Schulz cube and solution. 
The loss of light due to the absorption of tlie water was calcu- 
lated* from the numbers of ITufner and Albrecht. ■' The following 
table contains the numbers which were used in reducing the 


results : — 

Table 

V. 

f 

Hegion in 


(1-//) 

(1 ■■■?'’) 

Spectrum, 


for 7’()-l cuiii. 

for li2*S7 cins. 

a61'7-7— 

' (IS Kilos 


' j 

r.!)!)-4— r>74-:j 

0-(K)(.)73 1 

04)S7 ' 

— 

r>74*:2 

j 

OSMH>3U ! 

1 1 

0‘uu;i 

ouso 


! 0-(HKIl4> I 

O'UUG 

0'1»S(J 


(HKKUO 1 

()*UU7 

1 

j ! 


i (HKHIIS I 

04107 

OUiM) 

ri02-3— 48S;i 

! (HM)0J7 1 

! 

04IUS 

1 (Mini 

4SS-3— 474-(; 

! (HKHilO 1 

— 

1 04102 

4744^- 4(J2H 

j ; 

i 1 tHKK)J;» i 

— 

i 0003 


The quantity (1— is the fraction of the incident light which 
has escapee^, being absorbed by the dissolved substance, and is 
dependent on the length of layer and concentration of solution. 
In order to obtain comparable numbers, the extinction-coeflicients 


\Vic{L Ann. xlii, }). 1 (USUI). 
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and absoi^ptiou ratios have been calculated from the values of 
(1— words on the connection of these quantities with 
one anotlier are perhaps not altogether superfluous. 

According to Lambert's law we have 

( 1 ) 

where I' is the liglit transmitted by a layer of thickness of a 
substance the co-efficient of transmission of which is a. I is the 
original intensity of the light. 

Bunsen and Boscoe'^' define the extinction-coefficient as the 

reciprocal of tlult length of layer of a solution which will reduce 

the intensity of light by absorption to of its original value. 

Substituting, therefore, in equation (1), I — 1, and 

1 ^ 
weget 

c • 

or -logcx (2) 

From e(iuation (1) we have also 

— n log a~log I— log I'. 

Substitutiiigjthe value of —log a and putting I -1, wo get 

a 


V is the quantity which before has been called (1—p). 

Further, accQrdiLg to Beer’s law, if there are two solutions of 
the same substance, of concentrations c and c\ and in lengths of 

layer / and such that , 

e/-c7', (I) 

they will absorb tlie same fiaction of the light which passes 
through them. 

Siip|)osc they botli ti’aiisniit the tiactioii I', then ,, 


lo-r r 
/ 


and 


lo;? V 
I' ' 


(2) 


c and e' being the extiuction-coeflicients of the two solutions. 
From (1) we find 

log 1' ’ 

and from (2) and (3), finally, we have 
* c c' 


cl' 

log J ' 


. . m 


That is, the concentration is proportional to the extinction- 


* Piyjg. Aniim ci, p. 
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€ * . 

coefficient, and ^ A. A is, if Beer’s law is true, a constant 
only dependent on the wTivc-length of the liglit and on the nature 
of the substance. The quantity A is called by Vierordt the 
absoi-ptioii ratio {AhsorptuviH verhdltuisa). 

The following example will make the method of reducing the 
results clear : — 

Solution of CuClo, concentration-- 2*1 1 ‘3 gr. eq. in 1 litre. 

Trough 7*04 cms. long. 

The apparatus correction n was found 1*003, as a mean of 25 
leadings in various positions in the spectrum. 

The following readings were taken with the solution in the 
trough, in the region between A518*2 and A.502-3. 


^ i 

Breadtli of 
upper slit. 

i 

Lower slit. 
Upper slit. 

(^) 

Number of 
Headings. 

• 

; Greatest 
i dilTeronco 

1 between two 
i Headings. 

^lean. 

(ft) 

140 

•4S4 


•w 1 

Vi .I.iw’r. 

100 ; 

•487 

i 

:2-«i 

•7 


The retractive index of the ends of the trough wiis 1*520. 
,, ,, of the solution was . 1*302. 


jS and /S'' .are calculated liy Fresnehs 


formula — 



which gives ^^0*0433 and /J"- 0*00325. Tlio fraction of light 
transmitted by 7* (54 cms. of water is taken from Table V. 
Putting these values into the expression given for the ordinary 
troughs, wo get 

n. 0*185 x(l-0'0433P ' 

V P) (ii:q)()^25fx 0*907x1 *003 


-0*4473. 


As _ _log (l-yA ' 

/ ’ 

where Z.~ length of layer, 

- log (l-i?) 

-0*34944. 

Again \ _ c _cZ 

e'e/' 

log A — log ^i + log / - log d 

-log (2*113}+log (7*G4)-^log (0-34044) ; • 
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0 — concentration in gfam equivalents in 1 litre of solution. On 
calculating out the above expression, 

A -462. 

, Pkouablk Ekhoil 

As tluire is no reason why the error shoiikl be greater in one 
set of measurements than in another (the lucasiiremeuts being all 
of the same kind), I have only qaJculated it for one set of num- 
bers, obtained with a solution of copper chloride containing 2- 113 ’ 
equiv. in 1 litrot ’riie probable error was calculated by the 

formula The results are contained in 

Table VI. 

Table VI. 


Kogiori in 
Spectrum. 

; Niuabcr of . 

; lieadings. I 

(1-/0. 

Y. 

/. 1 

1 

1 


■ In i 

o-ns;> 

1-0-0(04 

■r.‘l*5 

iWI—r.iK':* 

15 

0*251.10 

•0(U() 

i 

ulSL*. 

U) 

0'4S55 

•OO2S0 

: 

u()l!'o 48;>3 

i:, 1 

0*7020 


!'l 

4S.S‘;{ --47L(» 

15 ! 

0-7071* 

•(H)4(>0 

i-:3 

474 (J— BiU’S 

10 ! 

O*7070 

•()0(;i(> 

1’7 

4i‘ii:-.S BVJ'ii 

! 10 

0*0.125 

•(.MM1(» 

1-5 i 

4ri2-J--44.‘M 

10 

O-;.tS0B 

*(K107() 

.‘>•5 

44;m- -4;J4-J «. 

: 5 

O-jSOO 

. *00.>;>4 

f>‘7 

The final value of (l—p) is,( 

calculated 

from t^vo 

photometric 


measurements of the same kind; one, the correction for the 
apparatus, the other the rneasuromeut of the light which passes 
through tlunsolution. These will both be subject to an error of 
the magnitude given in column Y. Tlie probable (^Tor of the 
final result will sherefore bo double this amount. The nnml'iers 
in column Z represent this final error, calculated as percentages 
of (1—p). The large error in the violet is due to the small 
intensity of the liglit used*iii that part of the spectrum, and also 
to the fact that the eye is less sensitive to diilereuees in the 
intensity of light in the violet than in the middle of tlie spectrum. 
At the red end of the spectrum a special error niakeJj itself felt. 
The measurements are only thcgretically accurate, when the pdYt 
of the curve representing the intensity of the light in tlie part of 
the spectrum in which they are made may be considered Jas a 
liorizontal line. • Wlien the absorjition curve of the substance 
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under examination rises or falls rapidly this is no longer the case, 
and for this reason the measurements on the copper salts in the 
red end of the spectrum are less accurate than in' other parts. 

My first measurements on the absorptions hy copper sulphate 
showed a lack of agreement between the numbers obtained with 
the same solution when dili'eroit lengths of layer were used. This 
was found to be duo to the light not being parallel, as the 
differences disappeared when parallel light was used. Something 
similar appears to have been observed by other investigators. 
Vierordt'-' found (with a lamp 15 cins. from the' slit, and distilled 
water in the trough) tlie ratio of the intensity of the light which 
had passed through the empty half of the trough to that wliich had 
passed through the water to be 0*8 ; the calculated number is 
0*936. Kriissl found the ratio in a Rchulz cell 0*905, that calcu- 
lated being 0*993. I also found the ratio in a Schulz cell 0*91, 
when the light was not parallel. 

The cause of tiiese differences may be found in the fact that 
placing a layer of a medium with a greater refracivc index than 
ail* m the path of tlie liglit has the same ellect as bringing the light 
nearer to the slit through a distance wdiich is given by the formula 



where / is the thickness of the layer of the medium, and 


fi its refractive index. It must also be renu^*. inhered that, so long 
as the collimator is filled with light, an alteration in the distance 
of the lamp makes no dill’erence in the intensity of the light in 
the spectrum. The distance of the lamp must therefore be 
measured from tlie point at which the collimator just ceases to be 
filled with light. A coinpai-ison with a set of measurements made 
with pure water showed that at least a considerable part of the 
difference observed is to bo explained in this way. 

The following tables contain a number of measurements which 

€. 

were made with parallel liglit and distilled water in the troughs. 
The good agreement found between the calculated and observed 
numbers shows that the loss of light due to dust in the liquids 
cannot hrve been very great. I is the ratio of the intensities of 
the light after passing thi’ough the upper and lower halves of the 
trough. ' 


Amrcndiing^ &c., pp. and 24. 


t Kolorimetriej p. 153. 
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Table VII. 


Region iu 
Spectrum. 

I (found). 

I (calculated). 

Dilferonce. 


Schulz 

Cell. 


x6‘.«V4 -Ar,74-‘w* 


0-»ft7 

4-0*lK)2 

5.51 - 5;u-l 

OWl 

I. 

0*085 ^ 

-0*000 


Schulz 

P 

P 

B 

o 


a(;* 27-7 ■-xr)i)u-4 

inm 

()'!)H7 

4-0'(KH 

~ r>74*ii 

0-t)79 

0*087 

+(WJ(18 

n74"2— r).5i‘f> 

(H)82 

0*080 

4-0-004 

5.51 •(>- .554-1 

0*08,5 

0*085 

tO'lHH) 

TilS-J 

0-088 

0*085 

~0(Hi;{ 


Layek of Water, 7*64 Cms. 


>i (527 7— A «ni-4 

’ 0*010 

0*041 

-0*008 


• 

• 


r)!i!»-4— .W-L* 

0-035) 

0-035 

-0*(KM 

.574*2 - .551*0 

0*ifl8 

( 0*0*20 

, -0*010 

551*0- 5:i4*l 

0-025 

0*027 

-0*008 

5;14-1- 518-J 

0-!)-2(» 

0-020 

±0*000 

502*2 188*2 

O-IMIO 

oo2(; 

4-0;OI7 

4.SS-3— 474-t; 

0*010 i 

1 i 

i 0*020 

; 

4-0*(K)7 1 

Layer of Water, 22*87 C&is. 

• ^ .. . 


* 0027 

o-o;{4 

±0*<X)7 

i502*2— 488*2 ’ 

0*025 

o*iri2 

4-0-1K)8 

474*0 - 402*8 • 

0-017 

0*021 

+0014 


The effect of dust would be to make the observed nifinbers 
higher than those calculated. This is sometimes the case, some- 
times the reverse. * 
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Table VIII contains the details of the measurements made on 
the solutions of copper salts. 

Under c are found the concentrations of the solutions, in gram 
equivalents of salt in 1 litre of solution ; under I the length of layer 
in cms. ; « is the extinction-coefficient, and A the absorption ratio. 


Table VIII. 




CorPEit 

SuiiPHATE. 



c. 

i 

1. 

Region in 
Spectrum. 


» 

Z.£. 

A. 



A A 




203:24 

rCKMi 

627-7— r»01)-4 

0-083 


1-89 



50y-4— 574-2 

0-2944 

0-53HI2 

3-85 



f»74-2— 

0*4930 

0-30714 

0-66 



551*6—534-1 

oei)85 

O-l.wS-J 

13-12 



534-1— 518-2 

0*8171 

0-08774 

23-25 

2-0324 

7*64 

55 1 •()— 5:41-1 

0-0611 

1*214*21 

l-J-TO 



534-J— 518-2 

0-2220 

()-6;>357 

23*76 



518-2—502-3 

0*4454 

0-3iV30 

44*20 



5n2-;3— 488-3 

0-6716 

0-17280 

89*8 

2-3803 i 

22-87 

518-2—502-3 

0-0697 

1*15643 

47*07 



502-3— 488-3 

0-2 IIK) 

0-60386 

90*15 



488-.‘5— 474-6 

! 0-5021 

0*29925 

181-9 



474-6— 162-8 ; 

; 0-6734 

0-17176 

3I6‘9 



, 462-8—452-2 

0-7723 * 

0*11220 

485-2 



452*2 — 1-13‘1 

. 0-8103 

M'09137 

595-8 



443-1— 4:41-2 

1 0-7873 

0-10384 

523-0 



434-2- 4270 

i 0*7846 ’ 

0*10535 

516-7 

0-285G 

7-04 

627*7-599-1 » 

j 0-<XlI4 

1-21168 

1-796 



r)<)0-4._574.2 

1 0-221H) 

0-64017 

3-408 



,074-2— or4-6 

0-4700 

0-32791 

6*654 



551-6— 534-1 

0-6880 

0-16212 

13-43 

0-2842 

22-87 

574-2—551-6 

0-1077 

0-96793 

6-715 



551*6 — 534*1 

0*2<930 

O'53:J05 

12-19 



534*1—518-2 

0-5086 

0-29361 

22*14 



518-2 -502-3 

0*6884 

0-16216 

40*08 



rX)2-3-488-3 

0-8;i77 

'0-07690 

84*52 


COITEB ChLOKIDB. 


4-211 

1-006 

599-4— 571-2 

0-0799 

1-09711 

3-86 



574*2 — 551*6 

0-2103 

0-61918 

6-84 



551-6--5:i4*l 

()'407I 

0*.303>5 

13-95 



534-1—518*2 

D-etw 

0-l,TO73 

27-:2u 



518-2 502*3 

0-8339 

O'078K8 

53-70 



i 502*3-488*3 1 

0*8764 

i 0-05731 

73*92 



1 488-3—174-6 ! 

0-7981 

0-09797 

43*24 



474*6—462-8 j 

0-6591 

0*18109 * 

23*30 

• 


462*8—452*2 j 

0-4131 

i 0-38395 

11*03 



452*2— 443*1 | 

0-2104 

0-67687 

6*26 
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Table VIII (contimicd). 


CopPEU Chlobidb (continued). 


c. 

1. i 

llegion in j 

Spcotruin. 

0 -p)- 

l.€. 

A. 



A A 





1(K)(5 1 

(j27-7-f>iK)-4 

(H)787 

1 10400 

1 02 



500-4- -574*2 

025:30 

O.5O504 

857 



574 2-551 0 

•>4KJ2 

0 815S7 

678 



55l-(;- 5:.M* 1 

0-0854 

0-J6405 

12 06 



5:it- 1—518*2 

0 8187 

0*08687 

24*47 



*54-2 -427*0 

0 7004 

0 15001 

I40i) 

‘J-IL'l 

7'(M 

551-0 -584*1 

0 0705 

1 11612 

14 46 



5;i4*l-518 2 

i)*2.804 

O6*20i)2 

26 (M) 



.MS-2 - 502-;3 

0 4478 

0:34044 

46*20 



502-8 ^488-8 

01)407 

0*180*20 

85*26 



4KS-;i - 474-0 

0 7844 

0 1:3400 

120*4 



474*0-402-8 

071K14 

iti.od'ia 

1070 



402*8-452*2 

05087 

0 24800 

64 00 ^ 



452*2-448*1 

0:358:3 

0*44570 

;36*20 



448*1—484*2 

oi7a‘.) 

0 75001 

21 25 

2117 

lOOO 

0.27*7 - 500*4 

01H302 

1*17001 

1 81 



500*4- 574*2 

02405 

060280 

8*58 



574*J->55J-0 

04772 

0:32181 

668 



f .Wl-O -.W-l 

007015 

0* 10775 

1*2 70 



' 184-2 • 427 0 

0 7029 

0 15818 

1801 

011S<) 

7 01 

027*7 4)00*4 


1‘0(;408 

1 02 



500*4-574*2 

0 i:>05 

0*85558 

874 



574*2—551*0 

08428 

O'lOlOO 

(>•88 



551-0- -584- 1 

O-5005 

0*246)78 

12 07 

()-4l80 

1 22-87 

1 551*6- -5:{4*J 

0-1081 

071418 

‘ 1841 



1 niu.|_r)|8*2 

0:3000 

0 808:38 

2:3*00 



j 518-2—502*8 

0 5002 

022460 

42*60 



i 502*:i— 488*8 

0-75:3:3 

01*2:308 

77*87 



488-8-474*0 

.0*8405 

0*07084 . 

. 1852 


COPBEK 

Nitbate. 



4r)i 

1-00 » 

574*2 -551 *0 

01 50 

0*70808 ’ 

568* 

i 

551 0 - -5:14 1 

0*401 

0:30440 

>11 46* 

31W16 

7*04 

5;H1- -518*2 

0*00)11 

1 80671 

21 88 



o^S-2-^-502-8 

0 1560 

080675 

:37 80 



502*8- 488 8 

0:35:35 

0*45165 

67 • >2 



488;i~474*0 

0 5184 

0*285:32 

1060 



474*0 - 402 8 

0(k378 

0 10560 ! 

155 8 



402 8-452-2, 

0-6.501 

0-1 8 106) 

1 1684 



4522—448 1 

0*6782 

0*16^67 

1808 



ll*?! 1—484-2 

0-0158 

0 18002 

160<) 



484 2—427*0 

0*6125 

0 21280 

1482 

o*;3r)r>2 

7-64 

" 027 7- 500*4 1 

04)415 

1*88174 i 

1 06 



500 4 574-2 

0 11K)7 

0 71058 i 

:> 77 

1 

•574 2 - 551 0 

i)-:3588 j 

0 44515 

• 600 


1 

1 0-5824 1 

02:3480 

11 55 

0:3552 

22*87 

551 0—5:44 1 

02218 

0(15405 

1*242 

i * 

584 1—518-2 

0 8610 

0:34477 

2;3’56 


518 2— 502 8 

0(*,060 

0*1750:3 

46* 17 » 

\ 

502:1—488 8 

■ . 

0-8208 

0*08576 

0257 

1 


* These numbers were obtained with light wliTich wa.s not parallel. 
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The refractive indices of the solutions were determined for 
sodium light as follows : — 


Substance. 

Concentration. 

Refractive Index. 

CuSO, 

21 

vmr} 

»» 

02.S 

v:m 

CuCl 

« 

4*2 

1-38S 

>» 

2i 



Table JX contains the absorption ratios of all the solutions 
examined. The absorption ratio for any substance in solutions 
of different concentration can be regarded as constant when the 
drffercnces of concentration are small. The mean, therefore, of 
the numbers obtained with the solutions of nearly the same 
concentration has been taken. 


Taulr IK. 


i 

Position in 

CuSOi. 

i 

CuCL. 


CulNO;.),.. 

Speotnnn. 

‘ 

2 oq.^ 

0-28 eq. 

i 



2 oq. 

*0*4 eq. 

« 

i 4 oq. 

0*45 eq. 

A. A 

fW-T— 

„ 1-80 

1-70 

; 

• Y* • 

1*80 

1-92 

.... 

1-5)0 

r>nii-4 -571-2 

;j-85 

4*41 

; 3-80 

4*55 

4*74 

— 

4-77 

571-2 ™r>51G 


0*81 

0*84 

; 

0*08 

0-88 

5-(;8 

(>•09 

551 G-r);ui 

12-*.»5 

12*05 

' 13-5)5 

13-41 

14*19 

; 11-40 

11-99 


2,4*51 

22-05 

i 27*20 

25*24 

24(99 

1 21-84 

24-50 ; 

i i 

4r,-t;4 

40*45 

i 54*70 

40*20 

42*69 

1 47-80 

4017 

1 W»:>-3— J88-3 

80-J)7 

82*74 

74 02 

85*20 

77*87 

1 07-52 

92-.57 

i 488-3 474-0 1 

18l‘Jl 

144*2 

; 44*24 

120*4 

14;v2 

j 106-9 

.... 

1 474-6—402-8 | 

4lfM> 

.... 

; 24*40 

107-0 

».* 

j 155-8 

.... 

402-8— 4,'>2-2 

485*2 

— 

; 11*04 

04-90 


I 168-4 

.... i 

452-2—443-1 

5U5'8 

— 

ij 0-20 

30-20 

.... 

! 180-8 

j 

• • • . j 

ft3-l— 434-2 j 
4.‘{4-2— 427-0 ' 

524-0 

51(i-7 

j 

II --- 

21-25 

14-(X) 

.... 

100% 

U3-2 

• . • > 

i 

•- 



! 
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The absorption spedtrma ol copper sulphate has already been 
measured by Gian*. He has given his results in the form of 
fractions of light transmitted — the quantity which 1 have called 
(l — y;). The light, in Gian's experiments, passed vertically 
upwards through a glass trougli, in the lower part of which 
was a layer of strong copper sulx^hate solution, and floating upon 
this a layer of distilled water. The fraction of the light traiis- 
mitted was measured, the water and solution mixed together, and 
the measurement rexieated. In order to cornpare my jiuml)ors 
with those of Glar/, I have calculated from the measurements on 
the strong solutions the ^Dart of the light which would be left after 
passing through a layer of Icin. thickness of a solution containing 
2 gram e(]iiivs. of CuSO* in 1 litre, and from the dilute solutions, 
the fraction which would remain after j^assing through 8 cms. of a 
solution containing 0*25 equivs. The results of the calculation 
arc contained in tlie following table : — 


J 

^Tahle : 



L(‘giori in 

I’lnii (ineaij a). 

: 0-/0 

Oomt. Solution. 

0 -J‘) 

Dll. Solution. 



♦ no7H 

! »i i»77 ' 

-f 0001 

58(1- 1 

0-3U2 

i 

fO'OPj 

:)(;,*}() 


j 0 501) 


r)4;{-a 

i U'70I 

i 0*1 

j-O(KM) 

fdiyl 

‘ 1 >S‘J2 

i OKU 

1 

+ 0U1 1 

i>iK}7 


! O-SO-J 

f 0012 

4ti;3-5 

n«)r)U 

oo4(; 

4-OlMH 

4sir> 

i>V7it 

o-oos 



Gian’s numbers are given for coniparisoii in Table XI (x). 118). 

With the exception of one number in each set of exxieriments, 
the differences aise all in the same direction. They are, U is true, 
about the same magnitude as the exxierimental error, hut the* 
cireumstaixje that the tw^o sets of numbers were obtained by 


**Glan, Wied, Ann. iii, p. 54 ^187B). 
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diflerent methods, and with different instViiments, seems to point 
to the existence of a real difference between the absorption of the 
strong and dilute solutions of CuSOj. It is not, unfortunately, 
possible to compare the absolute magnitudes of the absorption, 
as Gian has only given the relative concentrations of his solutions 
(last column Table XI). Gian’s strongest solutions were, how- 
ever, evidently saturated, or nearly so, and his experiments are 
therefore comparable with mine. 

Tahle XI. I 


Mean a. 

(I. -7.) cone. 1 

(1 -2') dil. 

Difference. 

Dilution 

074 

0077 1 

0*073 

4-0*(M)4 

1/7 

(Mi) 

0155 1 

0150 

■fO*(H)r> 

1/7 

('.-Hi 

o-;«o 

o*; 3 ; 3 o 

j 

+()-(.KM) 

1/r. 

1 57)7 

0*440 

{ 

0-441 

"I 

i/a 

1 557 ' 

i (.)•') 10 ' 

i 

0-507 

+ 0-003' 

1/7 

j 525 

(1-822 ' 

j 

0-813 

+ (HH)0 

1/a 

1 525 

0-848 1 

0-854 

--0*00() 

4 

1/7 


The changes in the absorption spectra of the solutions which 
occur when the concentration ijj changed are very clearly visible 
in the curves which represent the absorption ratios. These are 
drawn for convenience with the divisions of the tangent screNv as 
abscissa) (instead of w^ave-lengths), and the values 0 / the absorption 
ratios ordinates. Curves I and 2 belong to the strong and 
dilute solutions of copper sulphate; 3 and 4 represent the absorption 
ratios of the copper chloride solutions containing about 4 and 2 
equivalents in 1 litre, and 5 belongs to Cu(NO:,)... The curves of 
the most dilute solutions of the three salts lie, .very close together, 
and are almost identical wdth No, 2. The great similarity of the 
absorptions of these three solutions is best seen, not by comparing 
their absorption ratios, but by comparing the* fractions of tlm 
light transmitted by them, calculated for solutions containing the 
same aVnount of copper, and for unit length of layer. The com- 
parison is carried out in Table XII. Comparing the absorptions 
in this way, it is possiye to see whether the differences between 



Absorption' IIatios. 
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them are greater than the experimentaf error or not. This is 
very difficult when the nuinbers are calculated as absorption 
ratios, as the errors in the measurements are much exaggerated 
in parts of the spectrum where the absorption is small, and vice 
verm, 

TAimE XII.* 


Region in 
Spectrum. 

CUSO 4 . 

f 

CiiC!.^. 

CuS ()4 

-CuCl,. 

(CuNO;J.jt. 

CiiCh 

- Cu(NO,).^ 


0 1>775 

0*;3018 

^00213 

« 

0 lam 

-0-(X)78 

rmA 5741! 

0-508U 

0o40a 

-00314 


-0-(H»27 

574*l>-55l-(i 

o-7i;}o 

0-7157 

-00027 

0*0854 

+<»{)3()3 



0-8308 

-(HMMjf) 

i 

0 8i>54 I 

4-00144 

51S1> 


0‘K)87 

1 

-U-OO70 

oo<m;o 

-ftVDOlrt 

518 2-~-r)02*;3 

0-1)447 

0-ffl74 

-0-(H)27 

0 0513 

ij 

-0(K);«) 


0 0725 

0 0700 

40-(X)10 

0*07r.^» 

-OWol) 

4,S8-;).-474-(j 

I 

0*0840 ; 

0-0831 

+0-0lK)<) 


j ; 

1 1 


The numbers for copper chloride and copper nitrate are very 
similar, the differences are scarcely larger tlia,*! the cxpcrijncutal 
error and vary in sign. The differences between copper sulphate 
and copper chloride, on the oth(}r hand, are nearly all in the same 
direction, and sometimes considerably exceed tlie error of experi- 
' merit. 

Conclusions. 

It is at once noticeable that the curves representing the 
absorption ratios of all the solutions appear to start out from the 
same point at the red end of tlie spectrum, and for a short distance 
to follow an identical course, diverging more and more widely as 
the wave-lengthi-decreases. It appears natuval to attribute this 
absorption in the red, which is common to all^ the solutions, to 
the common constituent copper, and to attribute the differences 
partly the absoiption exercised by the acid ladical itself, and 
partly to the influence which it has on the vibrations of the copper. 

• The nuinbers are calculated for solutions containing 1 equivalent in 
1 litre, 
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Something analogous to'this influence of the acid radical on the 
absorption of th(3 copper was observed by Abney and Festing in 
theirwork on the absorption spectra of organic and other compounds 
in the infra-red. They found that a number of definite lines in these 
spectra undoubtedly were due to hydrogen, but tliat the number 
of thon and their relative intensity in any spectrum were dei^en- 
dent on the other atoms with which the hy<lrogen was coinbined. 
The investigations of Tlartley, Krirss, Vogel, and others on the 
absorption spectra of organic compounds haVe sliowri that the 
absorption of light* by a substance is dependent on its chemical 
constitution. Every change in the nature, number, or linking of 
tlie atoms causes a corresponding change in the absorption 
spectrum. Bo that in general wlien two substances are chemically 
combined the absorption spectrum of the compound will b(‘ 
different from that of tlie constituents. On the other hand, when 
two substances which are not chemically united exist togetlioi* in 
a solution, the absorption spectruin is the sum of the two separate 
spectra. Arguihg backwards, it seems probable that, if two sub- 
stances in a solution absorb liglit independently of one another, so 
that replacing one of them by something else makes no difference 
in the absorption spectrum of the other, then they are not 
chemically co.mbiju*d. Iji the dilute solutions df the three copper 
salts examined this appears to be — at least very nearly — the case. 
Ueplacing BOj by Cl.^ or by juakes very little •difference in 

the absorption, though in the strong solutions the difference made 
by such a replacement is very large. One would, therefore, seem 
to be forced to the conclusion tliat only in the strong solutions is 
the copper really chemically combined with the acid paft of the 
salt, and that as the solutions become more and moie dilute the 
dissociation of the salt becomes greater and greater. It has 
already been pointed out at the beginning of this paper that in 
general salts in aqueous solution behave in the siync way as these 
copper salts, though exceptions are known. 

It only remains to compare briefly the results thus arrived at 
witli existing theories of solution. » 

(1) According to the theory of Arrhenius, the electrolytic* 
dissociation in the most dilute copper solutions wliiclf were 


^ I'lul. Trans. (18HI), part 111.^. .S.S7. 
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examined is by no means complete, and Iherefore the absorption 
spectra of the three solutions should not be identical. 

The degree of dissociation is calculated from the numbers of 
Kohlrausch'^ for copper sulphate, of J. Trbtschl and J. H. van 
'tHoff and Reicher t for copper chloride, and of Longj^ for copper 
nitrate. The numbers obtained are as folknvs : — 

CuSO„ 0*2856 aq. in 1 L, -=1086, 

dissociation = 31 ‘7 per cent. 

2*38' eq. mlL,/i=166 „ .=:15-3 „ 

CuCL, 0*4189 eq. in 1 L, /£ = 64, = l6l, 

dissociation = 63*4 , , 

ru(NO,),, 0-3552 eq. in 1 1., /x 65*8, = 100?, 

dissociation = 65 *8 , , 

, It is interesting to observe that the solutions of chloride and 
nitrate of copper in which the dissociation is far advanced and 
nearly to the same extent, possess almost identical absorption 
spectra, whereas tliat of copper sulphate is noS^eably different, 
wdiich fact is in agreement wdth the theory, the dissociation in the 
copper sulphate solution being very much less advanced than in 
the others. 

It is as well to draw' attention to the fact that l)ofore one can 
determine w hether the limit of dilution after w’nich the absorption 
no longer changes is identical wdth the limit at which the dissocia- 
tion is complete, it may be necessary to examine the absorption in 
the ultra-violet and perhaps in the infra-red. The experimeuts in 
th(; first part of this paper with copper chloride seem to show that 
changes go on in the invisible violet after they have ceased in the 
visible j)art of the spectrum. 

(2) Knoblauch has explained the alterations in the spectra of 
certain salts by assuming a hydrolytic dissociation in the more 
dilute solutions. In the case of th^ copper salts examined there 
appears to be iro reason for assuming that. such a dissociation 
takes place to any extent, A hydrolytic dissocifition of a copper 
salt would lead (as it does with chromium salts) to a separation 
, of hydrdxide. The small iunount of precipitate which forms in 

* * Wied. Ann. vi, p. 1 (J879) ; ibid, xxvi, p. 188 (1885). 

I Wied. A7in. xli, p. ‘259 (1890). 

f Zeifschri/t. P/u/s. Chem. iii, p. 198 (1889)., 

§ tried. Vl ?m. xi,‘p. 37 (1880). 
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solutions of cupric salts* after standing for some time appears to 
be due to impurities in the water (chiefly ammonia and carbon 
dioxide). 

(3) According to the theory of Armstrong -' and Traube, I the 
changes in the absorption spectra which occur on passing from 
concentrated to dilute solutions are due to the larger aggregates 
of molecules which exist in the concentrated solutions breaking up 
into smaller molecules. According "to this theory, the molecules 
of the salt, even in the most dilute solutions, still exist as such ; 
and these dilute solutions might therefore be expected to show^ 
characteristic differences, similar to those observed in the strong 
solutions. This, at any rate in the case of cupric salts, is not the 
case in tlie visible part of the .spectrum. 

(4) The changes of colour which the solutions of copper chloride 
exhibit when its solution is diluted have long been regarded as due 
to the formation of ditterent liydrates. If we admit with Pickering 
the existence of ’.ydrates in dilute solutions containing 1000 or 
more molecules of water, it is conceivable that two salts of the 
same metal with colourless acids should have in dilute solution 
the same spectrum, for the influence exercised on the vibrations of 
the metal by the acid radical would become negligilfle compared 
with that exercised by the 1000 water molecules. l\vo compounds 
such as CuClo'f lOOOTIX) and CuSO., + 1000HoO might well have 
the same spectrum. The experimc/lits are hardly com*plete enough 
to allow of any very definite conclusion on this point, but as I am 
occupied with further experiments on the absorption spectra I 
hope to return lo it on another occasion. 

The large changes of colour which often occur on diluting the 
solutions of the halogen salts of heavy metals may perhaps be 
connected not with hydrates but with the halogen. Gladstone j 
has pointed out that the spectra of strong solutions of the bromides 
of platinum, gold, copper, and of potassium palladium bromide, all 
appear to be made) up of the absorptions of bromine water and of 
a salt of the metal with a colourless acid. It appears as though 
the halogen whorf combined with a metal exercised its absorption 

* J. Chem, Soc, liii, p, IIB (1888). 

t Bcrichtc xxiii, p. 3582 (1890). 

{ (Hadstono, PUil, Mag, [4] xiv, p. 418 (1857). 
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in the same way as in the free state, but ‘ modified to a greater or 
smaller extent by the metal with which it is combined. 

The following is a summary of the results arrived at ; — 

(1) The absorption spectra of the three salts examined undergo 
changes on diluting their solutions. 

(2) These changes are of such a nature that the spectra tend 
to become identical in dilute solutions. 

(8) The results of other observers show on the whole that salts 
of other metals behave in a similar way. 

(4) The behaviour of the salts examined lefi^ds to the conclusion 
that, in strong solutions, the acid and basic parts of the salts are 
associated in producing absorption of light, while in dilute solutions 
they act independently in doing so. 

(5) These results are in substantial agreement with the 
hypothesis of electrolytic dissociation. 

(6) The results cannot be satisfactorily explained on the 

hypothesis of a hydrolytic dissociation, or on\^that ot molecular 
aggregates. ^ 

In conclusion, I take this opportunity of expressing my thanks 
to Professor II. 15. Dixon, at whose suggestion tliis investigation 
was begun, and also to Professor A. Schuster for the kindness 
witli which he placed the Vierordt spectro-photometer and other 
apparatus at my disposal, and for mucli valuable advice in cari-ying 
out tlie work. ^ 



ON NEW FOEMS OF ^STEREOMETERS, 


liy W. W. HAaDANE Gee, B.Sc., ami Authuk Hamden, 
M.Sc., Ph.D. 

rriHE problem of experimentally determining the volume of a 
body to which the usual hydrostatic methods are inap- 
plicable was first attacked in 1797 by Capt, II, Say {A-umilcfi 



Fig. 1. 

Chimie xxiii, 1), who described an instrument (Pig. l).devised 
for the purpose of determining the specific gravity of gunpowder. 
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The vessel A, the stein of which is gtuduated and calibrated, 
so that both the distance and also the internal volume of the tube 
is known between any two graduations, is immersed in mercury 
up to a fixed mark (C) on the stem. A ground-glass plate is then 
applied so as to close tlie vessel airtight. The apparatus is now 
raised to a convenient extent, and the level of the mercury inside 
at D and outside at E of the stem noted. 



0 ‘ 



Fic. 2. 


The body of unknown volume is then iViaced in A and the 
experiment repeated. 

I. To find the volume V of the air in the vessel A. 

Let the atmospheric pressure , - m 

The pressure after lifting, Z.C., 7R— DE — n 

The increase of volume CD due to diminution 


• of pressure 


Then 

and 


V---- 


_Vw 

n 

nr 


m — n 


V 
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IT. Let oj^the volume* of the substance, 

Then in the second experiment V — ./; must be writteii 
for V, its value calculated and the value of x found 
by subtraction. 

A very similar apparatus (Fig. 2) was described by Leslie in 
1826 {Quarterly Journal of Science and Arts xxi, 374), and was 
used by him to asceriain the spcciGc gravity of various powders, 
such as charcoal, flour, volcanic aslies, Sec. 


C. -T 



Fig. 8. 


To obviate the error arising from absorption pf air, he deter- 
mined the volume with different degi’ees of dilatation. 

W. H. Miller (PhiL May. [1834", v, 203), in 1884, introduced a 
considerable improvement in the construction of Say’s ins<irument, 
which will readily be understood from the accompanying diagram 
(Fig. 3). Greater accuracy in reading off the height Of the 
mercury, and freedom from the error due to capillary depression, 
are attained by the^ise of two parallel tubes. The apparatus was 
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specially designed for determining the** volume of a standard 
weight, whicli could not be treated in the usual way. (Cf. PhiL 
Trans., 1856, 800.) 

In 1840, H. Kopp {Ann, Chem, Pliavin. xxxv, 17) constructed 
a volumenometer (Fig. 4) in which tlie pressure of the air is 



The ground-glass plate (M) closing the vessel (R) is held in 
position by a screws L and cork Q, and the volume of air is then 
diminished by moving the piston in the cylindrical tube (T) until 
the niercury in C has reached a fixed position marked by needle 
points in the vessel C (n, Cj d). Tiie pressure required to effect 
tliis diminution is regid off on the gauge S S. The constants of 
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the instnunent were clctonjiined by placing distilled water in U, 
and no allowance was made for the tleviation from Boyle’s law 
shown by air saturated with moisture. The results tliiis obtained 
with substances such as tin and lead wore exceedingly acciirate. 
It was observed that substances which absorb air, such as charcoal, 
cannot be employed with this instrument. 

Anotlier form of stereometer (li’ig. 5) somewhat resembling 



that of Miller, was described in 1845 by Begnault {Annales de 
Chimie et de PhjjSKjue 1 3 1 xiv, 207). 

In this instrument either decrease or increase of pressure can 
be employed, and the apparatus is so arranged that it can be filled 
wnth dry air. Notice is also made here of the fact that ’some 
porous substances absorb air. This is detected by the fact that 
they give different results according as the j[)ressure is increased 
or diminished. 


K 
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A number of determinations has been made by means of this 
instrument, or an allied form by Grassi, Amialcs da Pharmacic ei 
de Ghirnie (3) xi, 184. 

Buignet, Ibid (3) xl, 104. 

Fillol, Annales de Chbnie et de Physique (3) xxi, 417. 

Other forms of the stereometer have been designed by : — 

Baumhauer, Archives Norland iii, 385 (1808). 

Eiidorf, Wiedemannh Annalen vi, 288 (1879). 

Tschaplowitz, Zeit.fiir Analytisclie Gheqiie xviii, 140 (1879). 

Paalzow, Wiede7nan7is Annalen xiii, 332 (1881). 

Raikow, Chein. Zeit, (1888), 525. 

A curious instrument of this character was also invented by 
Harting {Archives Necrland vii [1872], p. 289), to determine the 
Volume of the air chambers of living iish. 

Notwithstanding the numerous forms of volumenometer which 
have been described, it is curious that none of them lias come into 
general use for density determinations. 

With the object of designing a simple and fairly accurate form 
of volumenometer, w'^e commenced a series of experiments in the 
physical laboratory of the Owens College in 1883. It was first of 
all found that tli,^)re were so many practical difiiculties to be over- 
come in constructing Kopp’s volumenometer, that any idea of 
employing it as a laboratory instrument had to be given up. The 
chief difficulty was the construction of a glass cylinder and piston 
tight to mercury under the pressure of one or two atmospheres. 
This form of the apparatus was therefore abandoned, and an 
instrument (wliich is figured in Rtenvart and Goo’s Practical 
PhysieSf vol. i) constructed on the type of Miller’s stereometer. 
The pressure \vas altered, as in the instruments of Eegnault 
and Miller, by running mercury in and out of the apparatus. 
This process is very objectionabb in an apparatus intended 
for general use, and, moreover, is liable to error on account of 
the difficulty of getting rid of air bubbles in *the narrow parallel 
tubes. 

» , 

At this point our experiments w'ere interrupted, and were not 

resumed until the long vacation of 1889. An instrument was then 
'^arranged as shown in Fig. 6. 

A glass tube, about 16 mms. in diameter, was constricted at 
four points, at each of which a cross ^vas etched with hydrofluoric 
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acid. This tube (A) was firmly clamped on to a vertical wooden 
stand, and was connected by thick india-rubber tubing (B) with a 
piece of straiglit tubing (C) which could be moved up and down in 
a groove, a millimeter scale being ijlaced between the two tubes. 
(Another instrument, in wdiich the stereometer tube consisted 
of a wide tube sealed on to a graduated and calibrated stem, 





Fia. 6. 


was first employed, but did not give quite such good results.) 
The top of tube^ A was ground, and could be closed by a 
small plate of ground glass, wdiich was covered with a thin 
layer of a mixture of vaseline and bees* wax. By unscrewing 
the clamps, and adjusting the tube A at the bottom of the‘ 
stand, the instrument also could bo employed with increase of 
pressure. 
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The volumes of the several portions of the tube (1, 2, 3, 4) 
were accurately determined by calibration with mercury. They 
were as follow^ : — 

1st Instrument : (1) 16*39 c.c. 

(2) 10*97 reading on the graduated stem. 

2nd Instrument : (1) 15*10 c.c. 

(2) 11*06 „ 

(3) •12-15 „ 

(4) 10*00 „ 

In order to test the accuracy of these instruments, the volume 
of a brass cylinder was determined by their aid, and compared 
wnth that found by weighing in water. 

'• To ciirry out a dilatation experiment the cylinder is placed at 
the uppermost portion of the tube, the sliding tube adjusted so 
that the mercury stands exactly at the intersection of the two 
arms of the etched cross, and the woll-greascd glass plate then 
applied, care being taken that the level of tlie mercury is not 
altered by this operation. The height of tlio mercury in the 
movable tube is then read off on the scale. 

The movablei^ tube is then lowered, and adjusted so that the 
mercury in the other branch is exactly at the level of the second 
constriction, and the height of the mercury read off as before (in 
the movable tube). The distance between tiie two constrictions 
can be road off once for all, and is, of course, constant. Finally, 
the height of the barometer is taken. 

If * Vi be the volume of the air in the top compartment 
of the tube, and , 

Vy be the volume of the tube down to the second 
constriction, 

the height of the barometer in mms., 

P.J the pressure of the air after dilatation, and 
X the volume of the cylinder introduced, 
then ‘ (Vi — :(;)Pa=-(V.j—;/-)Pa 

P,(V,-V0 
F,-P. ■ “ - 

The volume of the cylinder employed ascertained by the 
hydrostatic method fo bo 11 ’828 q,c. 
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Experiments with Isl Instrument. 



V, 

V, 

Pi 

P,-P.i 

X 

(1) 

16-39 

27-66 

762-9 

541-2 

11-78 


16-39 

33-01 

762-9 

59-3 

11-79 

(3) 

16-39 

37-86 

762-9 

626-9 

11-73 


Mean 11*77 


The error here is *06 c.c., or *5 po'' cent. 


Dilatation experiments ivith 2nd Instrument. 



V, 

V, 

Pi 

P 1 -P 2 

X 

(1) 

15-10 

26-16 

764 

588-2 

11-80 

m 

15-10 

26-16 

764 

588-9 

11-82 

(3) 

15-10 

26-16 

764 

588-3 

11-80 

(i) 

15-10 

26-16 

764 

588*6 

11-81 





Mean 

11-81 

error 

here is only *02 

C.C., or ' 

17 per cent. 



The pressure experiments were carried out in a similar manner, 
the glass plate being^secured in its position by tlie screw E (Fig. 
6). In this case, of course, the mercury was set at the lowest 
constriction, and then forced up to fho next, and so on*. 

P;, being greater than P^, and Vi than Vo, the equation be- 
comes ; — 




./.■=V, 

Pi(V,-V, 

P.-P, 

) 



Vi . 

V. 

. P.-P. 

Pi 

X 

(1) 

48-31 

38-31 

287-7 

764 

11-75 

(2) 

48-31 

38-31 

287-6 

764 

11-74 

(3) 

38-31 

26-16 

• 644-0 

764 

11-75 

(4) 

38-31 * 

26-16 

644-4 

764 

11-76 





Mean 

11-75 


The error in this case is *08 c.c., or *7 per cent. 

This form of the apparatus is therefore fairly satisfactory.* 

The adjustment of the mercury in the constricted portion of 
the tube can easily be effected, and the capill^iry error is i-emoved 
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by making all the readings on the wide tilbe (the diameters of the 
various constricted portions being approximate!}'' equal). 

It was found impossible to diminish tlie pressure to less than 
about 100 mms., as air then passed rapidly through the walls of 
the india-rubber tubing, although the latter was specially thick, 
and had been soaked in i)araflin (Of. Eoscoe and Lunt, Journ. 
Chem. Soc. [1889], p. 564). 

A few experiments were made to determine the sp. gr. of water 
by this method; 1225 grms.»of water at 17° were introduced into 
the apparatus in a small glass tube of volume -^4*097 grms. 

In calculating tlie results of these experiments it is necessary 
to allow for the aqueous tension (Cf. Grassi., loc. cit.). 

As before, let Vi, Vo, Pi, Pa be the actual vols. and pressures. 

Then 

For Pi substitute P^ =: Barometer— iVqueous tension. 

Then Py- P^~-Bar. — Aq. ten. — diff. of level— (Bar. — Aq. ten.), 
and the equation becomes 

,._V _(L-v,)P 
.r-V. . 

The water was freed from air by the air pump. 

T=:17'^ B^763, ’ 

.r Ohsorved. .v Calculated. 

U) 7*18 

(2) 7-21 

(3) 7-11 

Mean 7-17 7'132 

Error -*038 = *53%. 

In Grassi 's experiments with Eegnault’s apparatus the error 
was *44 %. 

Another principle of obtaining the volume of a substance, 
which, so far as we are aware, has never before been applied, is 
embodied in the apparatus of Fig. 7. * 

The glass vessel A and its tubes up to B and Bi (Fig. 7) are 
calibrifted. The substance of unknown volume is then placed in A, 
the air of the vessel displaced by pure dry carbon dioxide, which 
is led in at the three^-way tap B and out at*'Bi, and the weight 
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of carbon dioxide in the apparatus determined by sweeping the 
gas out by a current of dry air passed hi at D, and absorbing it in 
a weighed solution of caustic potash. The vessel A is immersed 
in water, which keeps its temperature constant, and the latter 
and the height of the barometer are both noted. From these data 
the volume of carbon dioxide present is calculated, and hence, by 
subtraction from the known volume of the vessel, the volume of 
the substance introduced. 

The experiments hitherto made show that th^ volume of carbon 
dioxide can be easily estimated to within *3 per cent, of its calcu- 
lated value, no allowance being made for the small proportion of 



air always present (the gas was geherated by the action of diluted 
hydrochloric acid on marble and dried by sulphuric acid). The 
following results wore obtained by gauging the volume of a vessel 
by this metliod, the volume being altered by the introdij^ction of 
brass cylinders of known volume : — 


Calculated Vol. 

Found. 

% Error. 

279-13 

278-7 

~-15 

230-47 

• 231-2 

+ ■32 

277-79 • 

279-1 

'4- -47 

301-45 

301-9 

+ -15 

313-27 

313-0 

--09 




The method is only adapted to the determination of specific ' 
gravities when the volume of the substance bears a large pro- 
portion to the whole capacity of the apparatus, as otherwise 
the experimental erVor is enormously muUii^lied. 
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Taking the last number of the above, series for example, we 
have : — 

VoL of apparatus, 325T ; Cylinder introduced, 11*83. 

Vol, of Cijitndcr. 

Vol. of CO3 (calctd.) Found. Calctd. Foniid. 

313-27 313*0 11*83 12*1 

Error % *09 Erroo- % ~ 2*28 

Neither this method, nor the ordinary stereometric one, can 
be used for a substance such as glass wool. A long series of 
experiments made by us with this substance sl:^ows that its power 
of condensing gases on its surface is an insuperable obwstacle in the 
"way of the determination of its specific gravity by these methods. 

The conclusions to be drawn from our experience of these 
instruments are : — 

'(1) Their accuracy is inferior to that of the hydrostatic method, 
which should therefore always bo employed when possible. 

(2) Porous substances cannot be employed. 

(3) The methods of pressure and dilatation should always be 

both applied. 

(1) The air in the stercometcr should either be dry or saturated 
with moisture. 



A METHOD OP MEASURING THE VAPOUR 
PRESSURES OP SOLUTIONS. 

I 

By Thomas Ewan, B.Sc., Ph.D. (18ol KBiihiLlon Scholar in 
ChcmtHlry at the Owens Co/leyc), and W. R. Ohmandy {Bishop 
Berkeley Fellow in Chemistry at the Owens Colley c). 


(From Uut Juurnai of the Chemical Suciety.) 

T"N a note in the Coiupl, Bend, for 1890, c.s:i, 102, M. G. Charpy 
has pointed out that a condensation hygronioter, such as 
llegnault’s, may be advantageously used for determining the 
vapour pressures of aqueous solutions at ordinary temperatures. 
The same suggestion is made by Ostwald dcr Allgcmcincn 

Ghsmic, 2te Aufl., BAnd I, 715).'' Having occasion to make some 
detenni nations of molecular weights in aqueous solutions at the 
ordinary temperature, we decided io employ this method, and as 
it appears to bo of some practical utility, we publish our results 
so far as they have gone. 

The apparatus which we used is represented in Fig. 1. 

The glass vessel A B, which contains the solution under ex- 
amination, consists oi a cylindrical bulb 18 cms. lojig and '1’5 cms. 
in diameter, Avith a narrower neck, 20 cms. long and 2 cms. in 
diameter. A nari'ow side tube is sealed (at K) into the shoulder 
of the bulb, through ^vhicii the stirrer G passes. This consists of 
a ring of stout platinum wire, scaled to a light glass liandlc. The 
platinum ring just touches the sides of the vessel B, so that they 
can be kept moistehed with the solution. 

* Since writing this our attention has boon drawn to the work of H. Lcscceur 
(Ann, Ghim. Phys. [G ] xvi, 3SM, 1S89). Ho has used the method for the deter- 
mination* of the pressure bf dissociation of hydrated salts. 
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The hygromotor E F consists of a thir. polished silver cup F, 
soldered to a stronger ring of brass, which in its turn is joined to 
a glass tube E D. This joint was made by slipping the glass tube 
inside the brass one, packing the space between thoin with tliin 
tin foil, and thou pouring in melted sulphur. The joint was quite 
impervious to ether, and by occasionally heating it to tlie melting 
point of tlic sulphur it may be kept quite tighL The upper end 
of the hygrometer tube at E is closed with a cork, through which 



Fig. 1. 


pass a thermometer and an oiien tube, carried down below the 
surface bf the ether in the usual way. A side tube at E is con- 
nected with an aspirator in such a way that the amount of air 
passing through the ether is under the control of the observer. 
The hygrometer slips loosely through the tube A K, and is sup- 
ported by au /Jiilargement at A, The whole apparatus was 
immersed in a water bath holding about 16 litres, and provided 
with glass windows back and front. The arrangements for keeping 
it at a constant temperature were very similar to those described 
^by Ostwald {Zcil. ijJiysikaL Ch-em. ii, 565, JB88). The stirrer was 
kept ifi motion by means of a small water motor. The tempera- 
ture of the bath seldom varied as much as O^^’l C. in a day. 

The tempcraturijs ^of the bath and of thd' ether in the hygro- 
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meter were read on twj thermometers by Hicks, ^n-aduated in 

degrees. As each division was about mm. wide, degree 
could be estimated with certainty. 

One of the thermometers (09) was correct at zero; its readings 
were accepted as correct, atid the readings of the other thermometer 
(70) corrected so as to agree wdth it. The corrections used were 
at2P, -.0-076; 18", -0024; 16", +0-010. 

These numbers are the means of^a number of comparisons; a 
curve was drawn from them, and the correctio^js to be ai)plied at 
other temperatures ’obtained from it. 

The experiments were carried out as follows: The vessel B 
was cleaned by filling it with a mixture of sulpliuric acid and 
potassium dichromate, and allowing it to stand over night; it was 
then washed with water and dried, and 30 to 40 grams of care- 
fully distilled water were weighed into it, from a pipette of the 
form used by Beckmann {Zeit. physikaL Chem, iv, 648, 1889). 
The salt was also weighed into B from a tube bent at right angles, 
so that none of the salt adhered to the neck, A K. This precau- 
tion is of some importance, as the hygrometer has to be freijuently 
slipped in and out of the vessel. Tlie solution being made up, the 
whole apparatus is placed in position in tlie water bath, and 
allowed to stand fxH* about 16 minutes, till the rfir inside becomes 
saturated with vapour. With dilute solutions this time is ample, 
but with concentrated solutions we have sometimes observed a 
small rise in the dew point on standing somewhat longer, owing, 
doubtless, to the air not being at first fully saturated. 

The readings of the dew point were niad(? by simply observing 
the temperature at which dew first became visible on the hygro- 
meter. We found hy a number of preliminary observations that 
the readings can be made more accurately in this way (when 
certain precautions are taken) than by the ordinary metliod. The 
silver cup of the hydrometer w-as illuminated by means of a lamp 
and lens, placed two or three foot behind the observer. The silver 
surface is looked at through a biconvex lens of small focal length, 
the eye being in euch a position that the light from the lamp is 
not reflected directly into it. 

The dew point being approximately known, the temperature of 
the ether is lowered rapidly, till it is only one or two tenths of a 
degree above the point required, after which it is allowed to sink 
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very slowly. When the dew point is reached, the surface of the 
silver becomes covered with fine white lines and scratches. After 
a little practice, the point at which these first appear can be read 
with certainty. The surface of the silver must be kept very clean. 
Spots of grease, dirt, &c., which are invisible in the air, become 
visible as whitish patches on the silver before the dew point is 
reached, and may lead to too high a reading. We found that the 
tube could be kept sufficiently clean by means of clean, dry wash- 
leather and fine jewellers* rouge. 

The nunibers given in the tables for each soli\tioTi are the means 
of three or four readings of the dew point. The greatest difference 
between two readings was never more than 0*1'^; as a rule it \vas 
0*02^ or 0*03 \ 

In order to test the accuracy of our method of reading the dew 
point, wc made a number of determinations of the dew point with 
pure water. It should of course be exactly the temperature ol 
the bath. The following arc the numbers obtained : — 


Temp, ot bath. 

Dow point. 

DilT. 

18-30 

18-30 

0-00 

18-30 

18-29 

-0-01 

18-29 

18-27 

-0-02 

18-36 

18-30 

>000 

18-39 

18-39 

0-00 

•18-40 

18.-42 

+0-02 

18-41 

18-42 

+0-01 


The following tables contain the results obtained with sodium 
chloride solutions. The letters used have the following significa- 
tions ; — ^ 

c*=:=grain molecules of NaCl in 1000 grams o" water. 

^ = temperature of tlie solution, 
dew point. 

= vapour p^^^ssure of water at the temperature (It is also 
tlie vapour pressure of the solution at L) 
flf^ is the ratio of the vapour pressure of water to that of the 
solution, botli at tP. 

The values of / and /' corresponding to the temperatures and 
aro 'taken from the table of vapour pressures for each tenth of 
a degree calculated by Regnault (M^hu. de I'Acad, xxi, 627, 1847) 
from his formula D, . . 
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Table I. — Sodium Chloride, 


c. 

L 


I 

fif'- 

0'185 

liO'OfK) 

20 718 

IK’ 1751 

1-017 

IMViT 


20*353 

17*775 

1*041 

i-r)3U 

21*018 


17-.504 

1*051 

2-im 

21-04(* 

I'.mrt 

i KvKO.') 

1-100 


21-002 

1 0*137^ 

! 10-487 

1*122 

4-107 

21-0<M» 

17 03 7 r 


1-200 

5-J()2 

21-WKl 

17-281 

1 14*070 

1 -200 

rt’.SOT 

•20*075 

10*751 

1 14-107 i 

1-301 

0*583 

|8-:i03 

17-700 

1 15*103 

1-010 

1-307 

1 8*000 

17-382 ; 

i 14 772 

1-045 

1*501 

18*122 

17-237 

! 14-0311 

1*057 

2*5r)7 

18025 

10*780» 

! M-2-28 

1*081 

4*001 

18-liMJ 

15-480 

13*005 i 

i 1*187 

5*202 

18-2;{8 

14 528 ! 

12-320 

1 2<;5 " 

0*284 

14*825 

14001 

12-151 i 

MH»0 

1-524 

14085 

14-147 

12-023 

1055 

4*852 

14 077 

11-731 



10-270 

J-234 


As solutions of NaCl follow von Tlaho’s law with close approxi- 
mation, we have assumed the values of Jjf* observed at temperatures 
differing slightly from 2T', 18'', and 15' to he the true values at 
tlieso temi^craturels. We then take concentrations as abscissa 3 , 
and values of fjf' as ordinates, and draw curves, from which the 
following table is constructed : — » * 

Table II. 



///*. i 

» 

fif (mean). 


i 




2P. 

1 S '\ 

15 ^ 


0*5 

1 1-017 

- 1-017 

1-017 

1017 

1-0 

I’lWK 

1 - 0.33 

1-030 * 

1-030 

20 

I’OT.J 

1-007 

1 075 ! 

1072 

3-0 

1-110 

1-110 

1-122 i 

1 1*117 

4-0 

J -183 

1-180 

1-170 

1*181 

5-0 

1*250 

1 1-247 

1245 

1-247 

6-0 

1310 

1 1-310 

1 

i 

1-310 

• 


In Table III t^iese results are compared with those obtained 
by other observers. • 
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Dieterici’s numbers (A?m, Phys. Chem. xlii, 513, 1891) were 
obtained at 0^^ by a method depending on the use of a Bunsen 
calorimeter. Tammanu's numbers were obtained at 100'^ ; they 
are quoted hei'C from Bieterici’s paper. Emdeirs numbers {Ann. 
Phys. Cham, xxxi, 145, 1887) were the means of values obtained 
between about 18 ' and 95\ Tlie numbers in the table we obtained 
from his results by graphical interpolation. 



1/ 

Table III 





fir- 


T. Ewan 
and 

Ormandy 

c. 

Dieteiici. 

Tammann. 

1 Emdon. 

* Of) 




j -- 

1*017 

1-0 

1*036 

ioa3 

1 1-039 

1*036 

2-0 

1*074 

1073 

I 1-080 

1*072 

30 

ri20 ' 

M18 

1 1-127 

1*117 

40 

M76 1 

i 

1*171 

' 1-187 

t 

1*181 

5*0 

■1 

1*241 

, 1*232 

I 1 -252 

1-247 

6-0 

f315 

i 1*302 

, -1. , 

1 1*310 


We have^ also made a set of measurements of the vapour 
pressures of solutions of cupric chloride. The solutions were 
■ made up in the way described in the beginning of this paper, from 
water and crystallised cupric chloride, CuCb, 211.^0. An analysis 

of the material used gave the following numbers : — 

Calculated for 
Found. (JuClo,21t..O 

Cu 37-28 37-32“ 

The salt was prepared by recrystallising copper chloride, 
bought as pure, from dilute hydrochloric acid, and drying the 
crystals in an air bath at 45— -50'\ 

The following table contains the numbers obtaiiied. In it 
s = concentration of the solutions in grams , CuCla in 1 gram 
" water. 

i temperature of the solution, 
dew point. 

f —vapour pressure of pure water at t. » 

,, ‘ solution „ 
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Table IV . — Copper Chloride, 






- 



Crcatost 

s. 

, t 

f. 

/• 

/'• 

///'. 

readmes of 
(lew point. 

dilTorcnoe 
bctwcon 
two readings. 

0*0169 

21*023 

20*924 

18*521 

18*410 

1*006 

3 

o-or* 

0*0823 

21*010 

20*810 

18*506 

18*282- 

1*012 

2 

001 

0-0560 

21*005 

20*640 

18*501 

18*092 

1*023 

2 

0*01 

0*0805 

20*9(;7 

20-322 

18-458 

17*741 

1*040 

»8 

0*02 

0*1299 

20*920 

20-OT4 

18*405 

17*472 

1*053 

3 

0*03 

0*2018 

20*980 

19-S07 

18*417 

16*868 

1*092 

4 

0-07 

0-2480 

20-900 

19-001 

18*888 

16*347 

1*125 

2 

0*02 

0*2945 

21*040 

18*817 

18*522 

16*162 

1*146 

3 

0*04 

0*4398 

20*970 

17*567 

18*462 

] 4*916 

1*235 

2 

0*01 

0*0207 

18*000 

17*855 

15*857 

15*219 

1*009 

3 

001 , 

0*0878 

17*950 

17*685 

15*309 

15-058 

1*017 

2 

0*01 

0*0786 

17*980 

17*457 

15*290 

14-842 

1*030 

2 

0*01 

0*1069 

17*950 

17*218 

15*309 

14*621 

1-017 

3 

0*01 

0-J467 

17*983 

16*981 

15*341 

14*404 

1*065 

3 

0*00 

0*1798 

18*198 

16*905 

15*550 

14*335 

1*085 

4 

0*02 

0*3267 

18*190 

15*712 1 

15*512 

13 291 

1*169 

2 

0*00 

0*4437 

18*190 

14*715 1 

1 

15*542 

12*470 j 

! 

1*240 

4 

0*03 

0*0207 

15*770 

15*611 1 

! j 

1 13*341 ! 

1 

13*206 

1*010 

3 

! 0*02 

0*0508 

15*797 

15*468 1 

13*8(;4 i 

13*081 

1*022 

3 

! 0*03 

0*1099 

15*920 

15*:i94 1 

13*468 i 

12*859 

1*047 


0*04 

0*1681 

15*983 ; 

14*8^14 i 

13*522 ; 

12*574 

1*075 

3 

0*02 

0*2487 

10*060 1 

14*2(;6 i 

13*588 : 

12*115 

1*122 

8 

0*02 

0*3198 

16*082 I 

13*655 ' 

18*561 

ll*r>47 

1*165 

4 

0*05 

0*4099 

16*097 

18*009 1 

18*620 

ll*l'*S 

1*219 

8 * 

0*00 

0*5108 

16*310 

12*117 j 

1 

18*806 

! 

10538 

1*810 

4 

0*14 

0 2182 • 

14*425 

12*884 

12*239 i 

11*078 

M05 

4 

0*02 

0*3147 : 

14-222 

11*952 

12*080 

10*425 

1*159 

4 

1 J)*01 

0 3984 . 

14*267 

11*223 

12*114 

9*938 

1*219 

3 

! 002 

0*6(>9.S i 

14*808 

9*7ri9 

12*542 

9028 

i 1*889 

5 

0*07 

0*7489 . 

14*854 

8*8f»0 

12*184 

8*197 

1 1*180 

5 

0*05 


Wc have attempted usings these numbers to calculate the heatrf 
of dilution of some gsoliitions of copper chloi ide by means of tlie 
well-known formula of Kirchhoff Phijs. Chem, ciii, 177, 

1858, or Gesammelte Ahhandlungenj 454). This may be written 


HQ 


d 

j 


log/- gy lOi 


/']- 


SQ 
6 m 


where heat given out by the system is considered positive 
maybe regarded as, the heat evolved on adding 1 gram of water to 
an infinite quantity of the solution. 
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U is the gas constant for aqueous vapour. It is assumed here 
that saturated stoain at ordinary tomporaturcs may be regarded 
as a perfect gas. 

0 is the absolute temperature, and J tlie mechanical equivalent 
of heat. / and r are the vapour pressures of water and solutioii 
respectively. 

log /' was calculated from tlie vapour pressure determina- 
tions briefly as fo^ows : — , 

The values of f\ contained in Table IV, were obtained at 
tempeiutures differing slightly from 21^, 18\ KV’, and 
respectively. The numbers corresponding exactly to these tem- 
peratures were calculated by assuming that /// ' is constant tlirougli 
the small range of temperature separating the point at which the 
determination actually took place from that for which the value of 
f* was requii’ed. As this range was generally about 0*1'^, the error 
committed by making this assumption is negligible. From tlie 
numbers thus obtained wo interpolated the values of /' at the four 
temperatures above mentioned, for solutions containing 0*05, 0*1, 
and 0*2 gram CuCl.^ in 1 gram of water. For this interpolation we 
used the following fonnuho, in which s is the concentration in 
grams of CuCL m 1 gram water, and is the difference 

between vapour pressure of water and that of tlio solution : — 
-7-6314 .V 1- 1- 1111 .r \ 

(/-/'),,, 6-4070 .H- 1*015 ' 

.:.5-3G24^ + 1-8586^^ T * • • 

-5-1525 s + 0-6306 .s'^- 0-46418 r j 
i We 'now expressed the numbers tlius "obtained by means of 
formula? of tlie fonn given by Magnus, viz. : — 

hi 

(B) 


where a, /^ and c are constants. o 

By differeiitfating the expre^ssion B with respect to t, we get 


lo: 


iU 


g /■' ( - 
\ 66 


log/' 


J 


hr log,, •'*0 
0' + 


In order to bo able to calculate more accurately the constants of 
the formula B than was possible by means of the numbers obtained 
over the small range of temperature through which we were able to 
use our apparatus, we also made use of the vapour pressures of 
the solutions at their freezing points. The vapour pressure of an 
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aqueous solution is at its freezing point the same as that of ice at 
the same temperature. The freezing points of tlie solutions wore 
obtained from a set of measurements made by one of us, which 
are not yet published. The vapour pressures of ice wei*e taken 
from the table calculated by iiamsay and Young {Plul. Tran^i, 
pt. ii, 476, 1884); a small correction (0*001 — 2 mm.) was applied to 
them, owing to the fact tliat Eamsay and Young’s calculation was 
based on Eegnault’s formula E, whilst we used his formula D. 
The following are the numbers used , — * 


Taplr V. 


s. 

Freezing point. 

/. 


U05 


4*010 

3*00.^) 

01 

- 4-12 

0*411 

3*2i)8 1 

0-li 

- 0(50 

2*2.>5 

l-OoT 


The constants in formula B, which wore used, aie the follow- 


Taule VI. / 


s. 

a. 

• 

c. 

• 

0‘0r> 

4 0 no 

S-IOlO 

271*4 

01 

1-3078 

.S-171K) 

202-77 

j 0'2 

4fl7l 

0-0722 

2jfr> 


It may be pointed out that the constant a in the preceding 
table represents the vapour pressure of the solution at 0'\ 

The tables which follow contain the numericai results of tlie 
calculations, In Table VII temperature of the solution, 
its vapour pressure, (/■-/')-— diminution of the vapour pressure, 
calc, is the diminution calculated by means of the formuhe 
A. The difference between the calculated numbers and those 
found experimentally only in one case exceeds 0*1 mm. * T'he 
algebraic sum of the differences is approximately zero, so that 
the formula) may be taken as fairly represeiiting the results. 
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tamee vri. ' 


1 /-21/'. 

s. 


(/-/'). 

(/-/') calc. 

DilT. 

i 

‘ OOKiO 


0 in 

0 120 

4 0*018 


1.S‘271 

0-224 

0-247 

f 0-024 


ISM 177 

0-418 

0-1.41 

-f0*0|4 

0 (»snr» 

17f77(J 

Oi7IO 

0-(>21 

-0008 


17 7)57 

o-o;{s 

|M)|tt , 

+0 071' i 

n-2ois 


1 *;'»r)() 

I -585 

|-0*02‘» I 

OlMSO 

HiJtO 

! 2*040 

1 l-OOO ! 

; -0*080 i 

0-2i)ir> 

ICrISS ! 

i 2*;{57 

2*444 

4M)i;i ' 

U'V.m 

ii'.tTa 1 

! ;i-522 

4*572 

+0 050 i 

[ i 

1 

' 1 

1 


Sum 

j 4-0*205 I 

[ -0*2<H) 1 




s. 

/'■ 

{/-/')• 

(/-/') «»lc. 

Dili. 

0*0207 

15210 

0*148 

O-l.-i'l 

-O'DOf. 

00474 

15100 

0*248 

0-21 1 

-0007 

0 0740 

14*007 

0-4f>0 

0*477 

+0*027 

0 1008 

1^*007 

O*0<Ml 


- 0*004 

0*1407 i 

l)*410 j 

00.-IS ; 

0*0(L> < 

! +0024 

0*1708 

14*157 1 

l-lHN) ! 

1*185 

j -0*015 > 

0-4207. 

14*144 1 

2’224 

2*202 

- 00*22 

0*4447 

‘ 12*422 ! 

4*045 ! 

t 1 

4*014 

+ 0*008 




Sum 

I +()0.->!» 

t -o-of.;) 




1 




+ jir 



•s. 

■ 

/'• 

(/-/')• 

(/-/') calc. 

Diff, 

0 0207 

14*400 

0-147 

^ 0*111 

-0-026 

0 0504 

.14-240 

0*287 

0*271 

-0-014 


I2-SK4 

(HiI2 

0*612* 

O-OdO 

0*1041 1 

12*587 

0*040 

0*0*24 . 

-0*025 

0 2487 ! 

12-008 

1*468 I 

1 no 

-0-010 

0*4108 

11*623 

1*014 

1*1K)5 

-0*008 

0*4000 

11-008 

2*4*18 

2 510 * 

+0*072 

0*6108 

10-342 

4*201 

4224 

+0*020 

1 « 



Sum 

I +0-092 
[ -0-091 
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TAi^iE VTT — (cojitinnecT) . 
r-U r>. 


ft. 

r. 

(/-/')• 

(/-/') calc. 

Diff. 

. 


M131 

i-h;7 

1-150 

-0017 

o-;jit7 


ItiSa 

1-(»71 

-0-014 

O-.SUKt 

KHISR 

2*2(n) 

2- 125 

-0 0S4 

( )•(>(><)/> I 

«-Kr>2 

;{-44U 

' ;^-507 

-fOlal 


8-274 

j 

10-24 

i . ! 

i l•02:{ 

1 



• 


I ' ' " * 

Sum 

! +<>-ir)i. 1 




i 

[ -0-1 Hi i 


Table VIIL contains under /' tlie vapour pressures (intcr- 
polatetl from tlio formulto A) of solutions containing O Oo, 0 I, and 
0-2 gram of CuCl .2 in 1 gram water, under “ / ' calc.” the values 
calculated from the formulae B. The agreements between tlie two 
S(3ts of numbers is very close indeed. 

Table VUI. 


.S :-()‘0r). i .'9 "0*1., 


t. 

/'• 

j f calc. 

! • 

i ; 

1 j 



, /' calc. 

Dili. 

■Iv' 

18111 

i 

! isii-.’ 

j +0-001 i 

2r 

17*721 

17-721 

0-000 

18 

irvO;3^1 i 

15-055 

1 +0-(K)2 1 

i 

14-706 

llV)68 

-0*o;}8 

1() 

|;V2(50 

15-251 

-0012 ; 

i 

120S1 

12*062 

-0-010 

14^-5 

: 12-050 

i 

' 12-040 

i 

+ 0-001 

i 

j 14- “5 

11-776 

11-776 

0-(KMJ 

- P’-1K)5 

1 3-9;i5 

3-o.i') ! 
... . _.J 

O-(MM) 

-r-i2 

5-258 

5-258 

O-(MK) 


s--0’2. 


t. 

• » 


/' calc. 

Diff. 

• 

21' 

» 16-024 


16-024 

0-(K)0 

18 

, 14-055 


14-m4 

+0-(X)9 

16 

12*380 


12-370 

-0-019 

14°-5 

11-243 


11-229 

-0-014 

-9^-63 

i ,1-957 


1-967 

0-000 





• 
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Table IX contains the values of calculated from Kirchhofi*'s 

hni 

formula and those ol)tainnd from J. Tliomsen's numbers. 

In Kirchhorrs formula we have 
J gnu. crn. 


dO 


d"- 29l (Thomson's experiments wore made about 18'^ C.). 
log / (at 18 ■) ^ilcalatcd frpm Regnault’s formula D is O-OG2G0,-b 

TARIiE IX. 


s. 


• 0;‘)5 

2508 

1 01 

11 04 

j 0 2 

402 


A it'g/i/’’- 

i ?'^(E.andO.). 

"'^(ThomHon). 

Pi ft. 1 


tyflL 

0'})l 


-(KXMHHm 

04)1 

0-22 

0-80 

~04KM)120 

: 1 21 

0-78 

0*43 

~0*(HXVJ1.4 

j 2-04 

248 

040 


The numbers in the column (Thomsen) have been obtained 

om 

as follows: Thomsen {Thmnochcm. Unters, iii, 113) gives the 
numbers contained in Table X under Q as the amounts of heat 
evolved on adding m grams of water to a solution containing 
I gram. mol. CuCllo in 180 grams of water. The numbers under 
Q calc, are obtained from the formula given by Tliomsen {he. cit., 

p. 24). ‘ . ; 

Q- ^^..pX497G-3; 
w+3G9’0 

diflerentiating this wo get : — 

. oQ , 1838900 

3 m {m+3G9*5)“ ’ 

from which tlio values of (Thomsen) are calculated by means 

bm 


of the numbers under 7)i, in Tabic IX, 

f 


Tarle X. 


m. 

Q. 

Q calc. 

* DilT. 

( 

180 

ig;io 

16:jo 

±0 

360 

2458 

24.W 

— 2 

720 

333r5 

3280 

+ 47 

1620 

4052 i 

4052 j 

±0 

3420 

\ - ^ 

4510 1 

4491 1 

‘ . ■ .... ' 

1-19 1 

, 1 
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Although Thomseu’s%xi>ftriinental values of iu Table iX 

do not agree very well with those calculated from our observations, 
it is easy to sec that very small errors in t he dcteriuinations of the 
vapour pressures are capable of accounting for the differences, by 
adopting the plan originally used by Kirchhoff (Poifg, Ann. civ y 
612, 1858) of calculating the vapour pressures from the Jieats of 
dilution. Ho transformed the expression already given into the 
form ^ 1 i?/' ^ 

log///'-c+,, i • (C) 


The logarithm is taken to the base 10. c is a constant, ajui is 
calculated by means of any one determination of tlie vapour 
pressure of the solution. Using the vapour pressures found at 
21"^’ in Table WILL wo tind the values of c : — 


6‘. 

c. 

• 

005 

0006162 


0*1 

0*008180 


0-2 

0005635 



In Table XI the numbers calculated from e(jiiation (Cj by means 
of thos(5 constants are compared with the experimental numbers 
from Table Vlll. 


Taule XI. 



ti ■■■ 

O-Oa. 



0*1. 

t. 

f calc. 

/' found. 

Ditf. 

1 * t. 1 /*' calc, j 

t . ■ . I 

• j 

f' found. 1 PUT. 

- i un.:> 



T nom 

i! 1 i 

!‘ -4‘I2 : rrjrA j 

.tlVjs 1 - n-nn.'i 

1 K> 



-o-on^ 

14a ; 11-777: 

M-77U i U(MM 1 

1(>0 



4-O’Om 

HvO 1 ! 

12USI 44.un!7 i 

J80 

irroy? 


-O0t)4 

l.S-(i ; 14-JI ! 

l4-7iM; ’ uuna i 



• 


.! :■ 1 

:! 1 i 

j 




s — 

(»-2 



/' calc, 1 

/ ' found. 

Piff. 


• • i 

L'1)44 i 

M)a7 

m ' 

■ - 0-1^87 ; 

U 

•r> 

, 11 *208 ^ 

]|‘J4;i 

4 0*();jr» i 

1( 

•0 


rj-.>so 

! 4(H)1U i 

l<s-o 

, 14(ll 

> 

J40;ja 

-nouT ; 

'<0 


The agreement is on the whole satisfactory. 



THE BEHAVIpUE OF ETHYLENE ON EXPLOSION 
WITH LESS THAN ITS OWN "VOLUME 
OF OXYGEN. 

By B. Lkan, B.A., B.Sc. (Dalton Chemical Scholar of Oiccns 
.CoLlcye), and W. A. Bone, B.Sc. (Fellow of Viotuna Uiui'crailjj). 

(From the Journal of the Chemical Society.) 

Intkoduction. 

rilHIS research, which was made at the suggestion of Pj’ofessor 
H. B. Dixon, arose out of an observation made in the course 
of experiments determine the rate of explosion of hyd]*ocarbons 
when fired with an amount of oxygen insufficient to completely 
burn tlicm. When ethylene was mixed with approx ijnately its 
own volume of oxygen, and the mixture tired in a long lead coil, 
.it was found that the volume of the niixtui’e was almost exactly 
doubled, the pressure in the tube having increased from 766 nuns, 
to 1503^ mnis. of mercury. This result indicated that, in tlie 
main, the carbon of the hydrocarbon iiad bceij oxidised to car- 
bonic oxitle, whilst the hydrogen had been liberated as such; in 
fact, the result of tlie interaction could be represented by the 

equation , 

C,H, + 0,-2C0 + 21L.,, 

This result corresponds with that arrived at originally by Dalton 
(vide Historical liesume). 

An analysis of the products showed, howevef , that in addition 
to small quantities of carbon dioxide and of some unsaturated 
hydrocarbon, tlie re was also present a small percentage of some 
hydrocarbon which could not be absorbed by fuming sulphuric 
acid. We believed hydrocarbon to be methane, formed by a 
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partial breaking down oP the ethylene molecule, as represented by 
one or both of the following equations: - 

2C,H,+0,-2Cn,+2G0, 

C,H,-C+CJI,. 

Another mixture of 2 vols. of ethylene with 3 vols. of oxygen 
was made, and, on firing this mixture in the coil, tiie pressure 
increased from 763 mms. to 1228 mms. of mercury. On analysing 
the products, no trace cither of saturated or of unsaturated li\ dro- 
carbons could be detected. It appeared, tbercibre, interesting to 
study further the explosion of ethylene with less than its own 
volume of oxygen. The present paper contains the results of our 
investigations. 


lllSTOHlOAI. ItRSUxMF. 

• 

Dalton ajipears to ]iav(i been the first to study the incomplete 
combustion of ethylene. His Avork, tlie l esults of which are given 
in Part II of his New System, seems to liave been overlooked by 
many subsccpient investigators. He found that, on exploding 
equal volumes of ethylene and oxygen, a great increase in volume 
occurs, 200 vols. of the mixture, on explosion, yielding 360 vols. 
Furthei’inore, the products, when mixed with .^cess of oxygen 
and sparked, exploded, yielding carbon dioxule and watei’. lie 
therefore concluded tliat the products of the explosion of 100 vols. 
of ethylene with 100 vols. of oxygen consisted liiainfy of carbonic 
oxide and hydrogen, and he estimated that about 170 vols. of 
each of these gases were thus formed. 

Despite Dalton’s work, the view became prevalent Llqit, when 
bydrocai-bons undergo incomplete combustion, the hydrogen is 
burnt to water before the carbon is oxidised. 

In 1861, Kersten {J. py, GUem. Ixxxiv, 310), who seems to 
have been ignorant of Daltgu’s work, arrived at very jnu(;h the 
same conclusions. Ale exploded ethylene witii (l)blect.rolyti(^ gas, 
(2) defect of air,, and his results led him to conclude tljat the 
carbon is oxidised to carbonic oxide before tlie, hydrogen is burnt. 

In 1874, E. V* Meyer identified minute quantities of acraldo^ 
hyde among the products of the explosion of etliylone \vijth less 
than its own volutne of oxygen. He explained its formation )>y 
the equatioji 

CJl^-fCO-CUGO.. 
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Tlie aulount pioducod was too small to ndmit of a quantitative 
detorniination. lie, however, failed to produce acraldehydc by 
sparking a mixture of cthykme and carbonic oxide. 

The question of the incomplete combustion of hydrocarbons is, 
of course, comu'etod with that of the luminosity of hydrocarbon 
llames. This subject has of late attracted a good deal of attention, 
owing principally to the researches of Teclu {J. Chcvi, xliv, 
246), and of Sinitliells and Ingle (Trans., 1892, Ixi, 204). They 
find that in an cfhylene-air wtlame the interconal gases contain 
acetylene. 

V. B. Lewes (Trans., 1892, Ixi, 322) concludes that in the inner 
zone of a non-luminous coal-gas fiamc the hydrocarbons are heated 
up by the combustion of tlie hydrogen and some of the methane, 
and aie resolved into acetylene, which, at a higher temperature, 
breaks up into carbon and hydrogen. 

A correspondence has recently passed between Sir G. G. Stokes 
and H. E. Armstrong (Proc., 1892, 22) on the interactions 
occurring in flames. Stokes considers that at high temperatures 
oxygen cojnbines with carbon in preference to hydrogen. He 
thinks it necessary to distinguish between the purely chemical and 
tlie thcrmo-clieinical changes which occur in partial combustion. 
Thus, in the ordinary candle flame, purely cheikical changes may 
occur in the blue region at the base and outer portion, where the 
oxygen is plentiful, and the heat^so liberated becomes the cause of 
thermo-chemical cha)]gcs which go on in the inner portion of the 
llaine. 

Stokes writes: I iiuaginc that the hydrocarbon spectrum is 
due to a gas formed by a pure chemical as distinguished from a 
thenno-ehemical change. But what gas is it ? It is commonly 
supposed to be acetylene. To me it seems more jirobable that it 

is marsh gas, formed by a pure chemical, not a thermo-chemical, 

* 

change. Accor(ling to my notion, tliis unknown gas (;r, say) is a 
hydrocarbon, which when burnt without admixture of other 
hydrocavbons would show but feebly, if at all, tlie hydrocarbon 
spectrum. More especially might this be expected to take place 
ii it weie burnt at a reduced pressure, or considerably diluted 
with, say, nitrogen. Eor, in order that it should show its spectrum, 
its molecule must be^ in a state of violent agitation, which it 
might bo expected to be if it had been born as'a result of partial 
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combustion, but would wt be merely because it was goin^ to be 
slain by union with oxygon.” In a subsequent letter Stokes 
writes : ** The results of Professor Smithells seem to me to make 
it probable that x may be carbonic oxide.” 

H. E. Armstrong considers it “ unwise at present to infer that 
the oxidation of the iiydrocaihons, or the separation of carbon and 
also of hydrogen from them, takes place entirely in any one way.” 

We may here point out that Dalton, Kcrstcm, and otliers have 
only shown that carbonic oxide and hydrogen are ecenliuilly 
obtained when eth>^one is firetl with its own volume of oxygen. 
Their results do not prove that carbonic oxide and hydrogen are 
the immediate products of the inte)*action of ethylene and oxygen. 

We began this research at the Owens College, Manchester, 
in October, 1891. Our plan was to make various mixtures of 
ethylene with less than its own volume of oxygen, and after 
exploding tliom, to carefully analyse tlie pi’odiicts. 

Pkepakation of the (’tAsi:s. 

Etliiflena . — This was made by Erlenmeyer’s method. Into a 
bolt-head flask was introduced a mixture of 25 grams of alcohol 
and 150 grams of concentrated sulphuric acid, l^e mixture was 
heated up to 160^-170^ and this temperature \vas maintained 
throughout tlic pre])aratioii. A mixture of 1 part of alcohol and 
2 parts of sulphuric acid (by weight) was slowdy and •continuously 
dropped into the generating flask from a tap funnel. The ethylene 
was purified by passing through two wash-bottles containing 
concentrated sulphuric acid, a tower containing lumps of solid 
moistened sodic liydrate, then tlirough two wash -bottles containing 
concentrated soda solution, and lastly a second tower containing 
solid sodic hydrate. 

Oxygen . — By heating potassic chlorate in an iron retort. The 
gas was purified by passing through a series of \\asli-bottles and 
towers containing sodic hydrate, either solid or in solution, and 
finally, to insiire t)ie entire removal of all chlorine, a wash-bottle 
containing a sta:*ch and potassium iodide solution was added to 
serve as an indicator. 

The mixtures were made and stored in a gas-holder ovoV mer- 
cury. They were then sampled for analysis in tubes over mercury. 
The products of explosion were also sampled in similar rnamier. 
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Explosion of the MiAukes. 

This, on account of the violence of the explosion, was effected 
in a leaden coil to which a mercury pressure gauge was attached. 
The following is a diagram of the apparatus. The coil A (capacity 



litres) was contained in a bucket of water. The coil had a 
glass firing piece B, and carried steel taps a, h, c is a glass tail 
tap connecting the coil with the inanoinetcr C. 

The gases were introduced into the coil through the steel tap a, 
the products wt\ve drawn off for analysis through d. 

I'he coil was well dried before use, and tested to prove that all 
joints were tight. 

Seven different mixtures of ethylene and oxygen were made. 

A. We made a mixture of 100 vols. of ethylene with 
5o vols. of oxygen. The coil was filled with this mixture, and 
sparked. The gases only seemed to burn in the neighbourhood 
of the wires, and on connecting with the manometer no change 
, in pressure was recorded. Wc then introduced a little electro- 
lytic gas at the firing piece end, in order, if possible, to start an 
explosion. On sparking, the llame started at the tiring piece, hut 
on connecting with the manometer, a slight decrease in pressure 
was recorded, showing that only the electrolytic gas in the firing 
piece liad been tired. Wc concluded that a mixture of ethylene 
with half its volume of oxygen does not explode. ■« 

13. We next made a mixture of 100 vols. of ethylene witli 
65 vo1j5. of oxygen. 

.Experiment 1. — Introduced the mixture into the coil, and 
sparked. A flame seemed to start at the iiring piece, but on 
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connecting with the manometer only a very slight increase in 
pressure (20 mms.) was recorded, showing that the mixture had 
merely burned in the neighbourhood of the wires. We then sent 
a little electrolytic gas in at the firing piece end, and sparked. 
Tlie mixture did not explode. 

Experiment 2. — We substituted a wider tube for the coil. AB 
is a metal tube carrying a glass tiring piece, and a steel tap B. 
This is joined to a wide glass tube*, AC, by means of a metal joint 
at A, and on to tliis is fixed a steel tap C. 



Tile mixture was introduced into the apparatus, and sparked. 
The flash, which travelled rapidly along A C, was of intense 
brightness, and was succeeded by a dense black cloud of liberated 
carbon. The products were displaced by a current of air, and 
burnt with a fairly luminous flame at C. 

This mixture, therefore, seemed to be near the limit of detona- 
tion, it being possible to five it in the wide tube, but not in the 
luirrower coil. ^ 

(1 We next ^nade a mixture of 100 vols. of ethylene with 
70 vols, of oxygen. 

Experiment 1. — Filled th(3 coil with th(i inixturo, und sparked. 
The mixture burnt iii the ncighbourliood of the wires only. \\‘e 
then introduced a little electrolytic gas at the tiring piece end, 
and agaiji sparked. The mixture was tired, and the manometer 
showed an increase in prossiu’c of 480 mms. Carbon was deposited 
on the glass of the iiring piece. 

Experiment 2.— We tried to tire the original mixture, after 
filling the coil at the ordinary teiii|)eratuj‘o, and tlien heating thc^ 
water surrounding it up to 85'\ On so doing, tjie gases in the 
coil were found to be urideif a pressure of 184 mms. above that of 
tlie atmosphere. The mixture was then sparked, but was not 
tired. On introducing electrolytic gas, howxver, and sparking, 
the mixture was tired as in the previous experiment, and the 
manometer registered an increase in pressure of 466 mms. ' 

D. Made a mixture of 100 vols. of ethylene with 75 vols. of 
oxygen. 
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Ex]}cri7ncnt.--l!\ii^ coil was filled with the mixture, and sparked. 
No explosion. Inti’oduced a little etectrolytic gas at the tiring 
piece end, and sj>arked. The mixture was fired, and the mano- 
meter recorded an increase in pressure of 546 mins. Carbon was 
deposited in the firing piece. 

E. Made a mixture of 100 vols. of ethylene with 90 vols. of 
oxygen. 

Experimont . — The coil was filled with the inixturo ; on spark- 
ing, the flame seejned to sta^'t in the firing piece, but did not 
travel far, as the manometer only recorded an increase in pressure 
of about 20 mms. On introducing a little electrolytic gas and 
sparking, the mixture exploded, and tlie manometer recorded an 
increase in pressure of 512 mms. of mercury. Much less carbon 
was deposited than in the previous experiments. 

F. Made a mixture of 100 vols. of ethylene witli 95 vols. of 
oxygen. 

Ex]mrimeuis . — Filled the coil with the mixture, and sparked. 
The mixture exploded, and the manometer recorded an increase 
in pressure of 703 mms. of mercury, the barometer standing at 
776*8 mins. On repeating the experiments the increase in pres- 
sure recorded ^is 690 mms. There was scarcely any carbon 
deposited, 

G. This is the mixture which was employed at the outset of 
the research (see Introduction) ; it was intended to contain equal 
volumes of oxygen and ethylene ; analysis, however, showed that 
there was rather less oxygen than ethylene, the real composition 
being 100 vols. of ethylene to 96*5 vols. of oxygen. The increase 
in pressure on explosion was 747 mms. of mercury, the barometer 

, standing at 756 mins. 


Analysts of the Gases. 

Apparatus,— TI iq apparatus employed was a modified form of 
the McLeod apparatus (described in PJiiL Trans. j 1884, Part II). 
This consists essentially of a eudiometer, connected at its base 
with a barometer; both eudiometer and baroiY.eter are water- 
facketed, so that the temperature may be kept constant through- 
out the analysis. Jioth eudiometer and barometer are connected 
with a mercury reservoir, which may be raised or lowered as 
occasion may require. The upper end of the cudiomober is 
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connected by moans of ta glass capillary tube with a laboratory 
vessel, into which the gases are sent for purposes of absorption. 

The eudiome*ter and laboratory vessel are closed by glass taps. 
Steps were taken to apply a correction for tlio gas loft in tlu^ 
capillary tube between tlie two taps after eaeli absoi’ption. The 
taps were lubricated with glacial phosphoric acid. 

Before each analysis, the eudiometer was wasluMl out, tirst 
with dilute sulphuric acid, and tlKJii witli water. 

Readings were made by artificial light. * 

Action of AiiSonniNCi Liquids on Gases. 

The importance of this question became apparent to us while 
analysing the mixture F, the first we analysed. We found that 
fuming sulphuric acid undoubtedly abso!‘bs oxygen, as will' he 
shown below. 

Action of Fumiwf Sulphuric Acid on. Oxygen, — W(* analysed 
the mixture P in two ways: (1) by first absorbing the ethylene 
with fuming acid, and afterwards the oxygen witli alkaline pyro- 
gallol; (2) by first absorbing the oxygen, and the]i the ethylene. 
Two determinations were madt^ by each method. The results 
were: — 

1. II. 

lleinoval of otbyloiio first. Removal of oxyj^cn first, 

(J.) (2.) (1.) . ‘ (2.) 

Ethylene 51-G5 51-75 48*73 48*55 

Oxygen 43*21 42*94 45*57 46*22 

The question at once arose, whether fuming sulpluiric acid has 
any action on oxygen. This question was decided by further 
experiment: — 

We took a sample of oxygen prepared from potassic chlorate, 
and, after washing with dilute potash solution to remove traces 
of chlorine, we treated it in the laboratory vessel with fuming 
sulphuric acid, and then witli dilute potash again. We found 
that a considerable absorption had occurred; this could not ho 
due to the drykig of the gases, as the eudiometer was kept 
saturated with moisture : — 

Oxygen taken after first treatment 

with dilute potash ‘--240*5 volumes. 

A))Sorption by fuming acid 2*7 ,, 
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Tho oxygon was further subjected to the action of fuming acid, 
and a further absorption of 1*9 volumes occurred. The gas was in 
contact with the fuming acid about 15 minutes in each case. 

We tested the action of fuming acid, in a similar manner, on 
hydrogen and nitrogen, but found no absor[)fcion.'" 

Action of uXllmlina Pyro(jaUol on E/hylcnc . — A sample of 
ethylene was introduced into the ]al)oratory vessel, and allowed 
to stand over alkaline pyrogallol for a few minutes, in order to 
remove any traces of oxygew vvliich might be present. The gas 
was then measmed. It was treated in the laBoratory vessel witli 
fresh alkaline pyrogallol and rcMneasured at successive intervals 
of 20 minutes. On 170 vols. of gas taken we found no absorption. 

We also found that alkaline pyrogallol has no action on 
nitrogen. 

Action of Strong Potash Solution on Ethylene . — We examined 
this at the suggestion of Professor Dixon. Wo introduced a 
volume of ethylene into the laboratoiy vessel, and then treated it 
witli dilute potash, in order to remove any traces of carbon 
dioxide or sulphur dioxide which might be present ; then measured 
tho gas, and subjected it in tlic laboratory vessel to tho action of 
saturated potas^ solution. Wo found tliat no absorption occurred, 
although in one experiment we allowed thf3 gas'oo remain over tho 
concentrated potash solution for 16^ hours. 

Analysis of the Okkunad Mixtures. 

‘ In each case we adopted one or both of the following methods ; — 
I. Absorption Method , — This consisted in: (I) the removal of 
oxygen by means of alkaline pyrogallol ; (2) the removal of 
ethylene by fuming sulphuric acid. Nitrogen by difference. 
IT. Explosion Method , — This consisted in adding excess of air free 
from carbon dioxide and exploding, determining : (1) tlie 
contraction on explosion, that is, G ; (2) the absorption by 
potash after explosion, that is, A. In this method it is 
necessary to add a very large excess of air (nearly 20 times 
the volume of ethylene present, if the gases are exploded 
under normal pressure) in order to prevent the formation of 
nitric acid on explosion. If this be done, C should ” A. 


* Compare, however, Murray (J. Glmn. Soc., 1892, ^^r., p. 18^. H. B. D, 
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Mixture C. Explosiojf. Method . — Tlio following avo. the' rosnlts 
of six determinations for ethylene by this method ; — 

(1.) (2.) (3.) (4.) (5.) {€>.) Mean. 

Ethylene.. .0o-64 r)G*fi() 56*12 56*16 56*29 56*60 56*06 p.c. 

Nitroocn , — This was determined by oxj)loding the gas with 
excess of air, removing afterwards both tlie carbon dioxide and the 
oxygon at one and the same time by alkaline pyrogallol. 44 le 

result was N-- 4 ■56 per cent. This agrees well with determina- 

tions of nitrogen made by the absorption method, where N :=4'76 ; 
4*66 ; 4*46 per centv 

Hence N (m(‘-an of the four determinations) — 4*51 per cent. 

Oxyijau. — By ditYerence --39*46. This agrees well with the 
results obtained by botli explosion and absorption metliods ; tlie 
mean of live determinations being 39*22 per cent. 

Results. Ethylene 56*03 

Oxygon 39*46 

Nitrogen 4*51 

Mixture D. - In the case of this mixture, air was accidentally 

introduced into one of the two sample tubes col!(Jcte(l ; (ionse- 
fjuontly \ve were left witli only one tube to analyse. We, however, 
obtained one very good analysis by the explosion method : — 

Gas taken 73*65 \ 

Aif added Gil-40 1 ^ELliylcno 54-18 

C 79-70 This ^dves Oxy^-en 41-52 

A 79-92 j (NitroKon ...r.. 4-30 

ISlitrogen l(*ft.., 486*89/ 

The result for ethylene was confirmed by two other analyses 
by the explosion method. Here, C..H 4 r.-„- 54*08 ; 54*55. Idiese 
analyses were, how(jver, not completed, and we decided* to take 
the results of the one complete analysis. 

Mixture E , — Five analyses wore made, two by the absorption 
and three by the explosion method ; one of the latter was, 
liovvever, not completed, a 7 id only gave results for ethylene. 

ReSUTjTS. 



Ab.sorptioii method. 

Explosion method. 



■ ■ 






Moan. 


(1) 

C-i-) 


(2.) 

(y.) 

. 

Ethylene .... 

40*30 

4017 

50-58 

40-(>(3 

5012 

4077 

Oxygen 

4.5-51 

45 14 

45-72 

45 85 


45*81 

Nitrogen .... 

.5-19 

5-00 

3*70 

3-48 


4-42 

i 
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Mirture F , — Two analyses by absorption method. Eesults : — 

(l.) (2) Moan, 

Ethylene 48*73 4B-;jo 48*64 

Oxygon 45*57 46*22 45*84 

Nitrogen 5*70 5*33 5*52 

Mixture G . — One analysis by explosion method. Results 

Ethylene.... 49*41 

Oxygen 47*69 

Nitrogen ...» 2*90 


Disregarding the nitrogen, we find by calculation : 

Mixture C contains 100 vols. CJI., to 70*44 vols. O,,. 
n „ 100 „ „ 76*63 

,, E „ 100 „ „ 92*04 

„ F „ 100 „ 94*26 „ 

„ G „ 100 „ „ 96*e52 

AnATA’SIS of the PnODUCTS. 

The analysis ol tlie products constituted tlie most important 
part of our work. 

Method . — The method employed was: (1) removal of carbon 
dioxide by potash ; (2) removal of unsaturated hydrocarbons, ile., 
with fuming sulphuric acid ; (3) addition of measured amounts of 
oxygen and air ; (4) explosion ; (5) determination of the contrac- 
tion (C) and the absorption (A). 

The nitrogen, except in the case of products G, was specially 
determined by adding excess of air to a measured amount of the 
gas, and exploding, afterwards removing the carbon dioxide 
produced and tlie excess of oxygen by alkaline pyrogallol. The 
residual nitrogen was then measured. Knowing the amount of 
nitrogen in the air added, the amount of nitrogen present 
originally in the mixture could thus be determined. 

Calculation from Ilesnlts . — Below will be given the results of 
the analyses in percentages, for carbon dioxide, unsaturated 
hydrocarbons, C and A. The results obtained fo* C and A cannot, 
as will be shown below, be explained, if after removal of the 
carbon dioxide and unsaturated hydrocarbons, only carbonic 
oxide and hydrogen remain in the mixture. There must be some 
saturated hydrocarbon present. It is most reasonable to assume 
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tliis to be iiuithane. Welshall, later on, liave .soinethinf^ 1‘ui fclier to 
say about tb(> coniposition of tlu? unsaLunited liy<li’ocai l)()ns. 

Products of O'. - The analysis of tlu.‘se pioducts had to be 
modified somewhat, owin^ to tlni faet that the auiuiiut of (carbon 
dioxide proscmt was very sjiiall, and no rmsalu rated hydrocarbon 
was present. 

(■iirhon Dlo.ridc , — Tlie ainount present being so small, it was 
specially determined in large volumes of tlie gases. Results : - 
(1.) (2) (3.) (4.) man. 

C(X O Mo 0-27 0-33 0*3 1 033 per cent. 


Unsaturatcd IJydrocarhons . — None present. No altojation in 
volume after treating 367*7 vols. of the produed with fuining acid 
(after removal of tlie carbon dioxide). Tliis ]*esult was confirmed 
by other determinations. 


Eesidiial Gases . — Fresli amounts of the mixed gases were 
taken and exploded with excess of air free from carbon dioxide, 
and C and A determined, hlxcess of oxygen was removed by 
alkaline pyrogallol, and tlic residual nitrogen measured. 

Results — 



(1) 

(2.) 

Moan. 

c 


99-88 

519-70 

A 

.. r)0-23 

f)0-68 

o0-45 

Nitrogen .... 

.. 0-85 

0-70 

0-77 


We tlierefore have o-B3 '| 0*77 -1*10 per cent, of cawhon dioxide 
and nitrogen ; hence the residual gases :9S*9() jier cent. 

Fi'om the absorption, 5()*45 per cent., must be subtracted 0-33 
per cent, due to carbon dioxide present in the gases before explo- 
sion ; hence A — 50*12 per cent. 

From the above data, if we calculate on the, assumption that 
only carbonic oxide and hydrogen are present, we tind — 

Carbonic oxide ... 50*12) 

Hydrogen 4:9*79j 

•• 

This is 1*01 in excess of the total volume (98-90) ; hence there 
is some other body, presumably methane, present. 

Calcidating omthis last assumption, we have — 

Carbonic oxide 49’11 per cent. 

Hydrogen 48*78 ,, 

Methane 1*01 ,, 

Products of F . — In all, four analyses w-erq made, two of which 


Total 99*91 
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were not completed, but gave results ^ior carbon dioxide and 
unsaturated hydrocarbons. 


Results. 



(I.) 

(-’■) 

(3.) 

(4.1 

Mean 

Unsatiirated hydrocarbons , . 

H'tii 




214 

(’arbon dioxide 

— 

]-09 

1)75 

0-*)‘) 

()'94 

c 

DO-Sf) 

9r>-9;j 



‘jn-.'Ho 

A 

4870 

i 

VMi) 

i 


— 

4908 


NiTKOGEN. Two DETEUMlNATrONS. 


(1) 

(2.) 

Volume of gas taken 

60-4 

50-9 

,, air added 

319- 15 

335-7 

Residual nitrogen 

25402 

2()6-9 

Per cent, nitrogen 

2-59 

2*39 

Mean for nitrogen-- 

2*49 per cent. 


lalculating from the above data, 

we have — 


U n sat ii rated h \d rocarbons 

2-14 

Carbon dioxide 


0-94 

Methane 


2-55 

Carbonic oxide 


46-53 

Hydrogen 


45-35 

Nitrogen 


2-19 


Proilucfs of E . — Two full analyses \v(ire made, which afforded 
very concordant results. In another analysis, the carbon dioxide 
and unsaturated hydrocarbons alone were determined. 


Results. 



(1) 

(2.)" 

(3) 

^leai 

Unsaturated hydrocarbons , . 

2 m 

2-82 

2 84 

278 

Carbon dioxide 

1-23 

1*35 

I 

110 

124 

C .1 

5)3-84 

1 93-98 

— 

93*91 


50-30 

I 1 

1 

! 

— 

5031 
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Nilrof/en . — Four defc^rrninations were made, with the followinfj 
results : — 

(1.) (‘^.) (^t.) (1) 

Volume of gas taken... 47*7 44*2 r>7-6 81-() 

„ air added... 257-36 258-3 293-4 365-55. 

Residual nitvogon 204*75 205*1.5 233*69 290 96 

Per cent, nitrogen ... 2*5 1*90 2*80 2*22 

■Mtian for nitrog(>ii~- 2*35 per cent. 

Calculating from the above data, we have — 

Unsaturated hydrocarbons 2-78 

Carbon dioxide 1-24 

Methanes 2*52 

Carbonic oxide 17*79 

Hydrogen 43-32 

Nitrogen 2-35 


l^wducls of IK — 4'hi'oe full analyses were made. Fn a fourth 
analysis everything, except A, was determined, whilst in another 
analysis tiui amounts of carbon dioxide and unsaturated hydro- 
carbons aloiie were determined, 

Rf^SULTS. 


I 


(!•) i 

(2.) 

(■■>■) I 

(j.) 

(5.) 

Moan. 

Uusiitumted hydrooarlions.: 4 

4*:;{0 : 

9-92 i 
i 

2*42 

} 1 

j* 8 *58 

1 

3-77 

Carbon dioxide 219 ; 

1 

8’18 ; 

2 82 i 

i 

2*98 

2*84 

2-8() 

C 9:r02 : 

91-80 ' 

<ja r,i 1 ' 

1 

22 78 

1 

92 54 

A 49*oa 

48*9b : 

47*82 I 

I 


; 

48*01 

N rntoGEN. Two Deteuhinatjons. 

Resi 

n/rs. 


Volume of gas taken,. 


(i.) 

400 

(2.) 

48-1 


,, ..air added. 


280-75 

281-1 


Residual nitrogen .... 


228-28 

224 -78 


Per cent, nitrogen .. . 


.8-24 


2-97 


Mean for nitrogen --3*. 10 per cent. 



(Calculating from the foregoing data, 

wc have 



[Jnsatiirated hydrocarbons. . . 


I- 

i-77 


Methane 



.. 3-77 



Carbon dioxide .• 2*80 
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Carbonic oxide 


i\ 


44*84 


Hydrogen 


41-7!2 


Nitrogen 8- 10 

Products of 6'. —Two full analyses were made. 


Unsaturated hydrocarbons ... 

Carbon dioxide 

Nitrogen 

C 

A 


Eesults. 


(1) 

(2.) 

Areari. 

G-GB 

5-49 

GG3 

1*52 

1-74 

1*03 

G*3G 

4-97 

GIO 

9G*()B 

9o-28 

95*48 

44*33 

44-43 

44*38 


Calculating from these data we have — 


Unsaturated liydi ocarbons 

Arethane G-OO 

Carbon dioxide 1*68 

Carbonic oxide 3B-8G 


Hydrogen 43*30 

Nitrogen 5’IC 


We may now tabulate the results of our analyses. 


Composition of the Mixtures Fiued. 


Mixture. i 

C. 

]). 

K. 

! 4' y. 

(h 

Kthyleno . . 

.5003 

r,4i8 

j 40 77 

4sr»4 

40 41 

Oxygen 

39 40 

41 02 

4581 

1,0-S4 

47 00 

Nitrogen 

4-51 

4-30 

4-42 

5.52 

2 00 


Composition of the Pkoducts of J'^xplosiox. 


Mixture. 

C. 

i>. 

E. 

P. 

C. 

Unsatuiatcd l^y\.lrocaibon>> . . 

;5r>3 

3*77 

i^7s 

2U 



r> 00 

3 77 


o 55 

101 

Carbon dioxide 

i 103 

i 

280 : 

1 

1-24 ; 

004 

033 

Carbonic oxide 

I 38-85 ' 

1 

1 

i 

, 47*70 ! 

40 53 

40-11 

Hydrogen 

: 43*30 

1 41*72 

43-32 

45 35 ; 

; 4.8-7S 

Nitrogen 

1 GIO 

j 3-10 

2:3,5 

2*40 1 

1-01 
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Libcratton of Carbon , — The blackening of the glass firing piece 
when the mixtures (), J ), and E were fired appeared to prove the 
lib(.*ration of carbon. To confirm this conclusion, a mixture of 
100 Yols. of ethylene and 90 vols. of oxygen was exploded in the 
coil, and the products of the explosion w^erc immediattily expelled 
by a cuiTont of air, and di iven through a tube packed with cotton 
w^ool. The wool was rendered completely black by tlu* V(M’y finely 
divided carbon which it abstracted from the gases. 

Ufisat lira tad Jli/divcarhans, — In the former.part of our paper, 
wo stated that Smithells and Ingle, and independently V. Ih 
Lewes, liad arrived at the conclusion that acetylene is formed in 
the inner zone of the non-luminous flame, owing to the breaking 
up of the hydrocarbons. We therefore were led to see wdiethcr we 
could detect acetylene among the products of the explosion of 
ethylene with less than its owui volume of oxygen. 

The ordinary method for the detection of acetylene (by mca s 
of an animouiacal solution of cuprous chloride) cannot here he 
employed, on account, of the presence of carbonic oxide ajiiong 
the products. Wo tlierefore (Jinployed a solution of silver chloj’ide 
in ammonia. On passing carbonic oxide tlirough this solutioji for 
a consid(irable tiin(.>, we found that it became br v^p^n, and just a 
trace of a dark pS/cipitate was formed. Acetylene, on the other 
hand, at once acted on the solution, forming a yellowish-w'hite 
precipitate of silvei’ acetylide. We found that we cbuld easily, in 
this way, detect 0*25 per cent, of acetylene in an experinicntal 
mixture containing a large volume of carbonic oxide. 

Fj^riiarimmiL — We made a mixture of 100 vols. of ethylene and 
90 vols. of oxygen, and exploded tlio same in tlie coil. After 
explosion, we passed the products througl) an animouiacal solution^ 
of silver chloride ; silver acetylide w^as at once formed. Wo con- 
firmed this by decomposing a portion of this precipitate with 
concentrated hydrochloric acid, wdien the characteristic smell of 
acetylene was obtained. Another portion wuis dried, and then 
heated, wdien it detonated. There could, therefore, bo no doubt 
that acetylene is formed wdicn ethylei o is exploded with less than 
its own volume of oxygen. 

In view of the possible connection botw'eeii the liberation of 
carbon and tlxe formation of acetylene, it appeared of interest to 
test the presence of carbon and acetylene iji the products of tlio 



166 


B. LEAN AND W. A, BONE. 


explosion of methane with less than its pwn volume of oxygen. 
Methane will not detonate unless it is tired wdth very nearly its 
own volume of oxygen. 13earing in mind the fact that the carbon 
of a hydrocarbon appears to be oxidised before the hydrogen, we 
did not expect to tind any carbon liberated when this mi.vture was 
fired, and doubted whether any acetylene W’^ould be found among 
the xn'oducts of the explosion. Such was the case; neither carbon 
nor acetylene could be detected. 

In view of oin* results, wc are inclined to suggest that the 
acetylene, formed in the combustion of ethylene with less than 
its owui volume of oxygen, originates in tlic union of nascent 
hydrogen wuth nascent carbon at tlie very high temperature of the 
explosion. Such a formation of acetylciie appears more probable 
than that it is produced by the direct decomposition of ethylene 
molecules. 


G ENEBAIi CoNOLUS (OKS . 

1. Our results indicate that when ethylene is fired witli its 
own volume of oxygen, carbonic oxide and hydrogen are eventually 
obtained, the result of the interaction being represented by tlie 
equation 

CJl,+0,=^2C0+m, / {a) 

This is in accordance wdth the previous work of Dalton, Kersten, 
and E. v. Meyer. 

2. When ethylene is fired wnth less than its own volume of 
oxygen, we find that metliane is formed. The quantity thus pro- 
duced increases as the quantity of oxygen in the original mixture 
decreases. Tliis formation of methane lias a bearing upon the 
subject of tlie interaction occurring in llames, and is interesting in 
coMiiection with the expression of opinion on tlie part of Sir G. G. 
Stokes, cited in the earlier portion of this coriiiuiuncation. 

Wc suggest tliat the heat liberated by the ’nain reaction pro- 
duces a deconqiosition of some of the unburnt ethylctic into 
^methane and carbon, analogous to the dcicoinpositioii wdiich 
ethylene undergoes when passed through a red-hot tube. 

The simplest formation is that represented by the equation 

G,1I*-CII,+C . (6) 
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Methane might also be produced by partial oxidation, accord- 
ing to the equation 

2G,H4-f 0,-2CIl,+2CO (o) 

3. Carbon is liberated. 

4. Unsaturated hydrocarbons are foriiicd, of wliich acety- 
lene forms an important part. We suggest that tl»o formation of 
acetylene is due to a secondary’ reaction bet^veen the nascent 
hydrogen formed according to equation and the nascent carbon 
liberated according to equation (/>), thus: — 

2C + 2ir'--C,lI,. 

In conclusion, wo have great pleasure in thanking Professor 
Dixon for many fruitful suggestions, and for the facilities tie has 
afforded us in the prosecution of our research. 



THE ATOMIC WEIGHT OF liOEON. 


By J. L. Hosia’^iss AijrahaIiI., B,A. (Oxom.), Pli.D, (Munich), 
lafii Bishop Berkeley Fellotc of the Owens CollcyCy Manchester. 
{Edited by T. Ewan ami V. 3. Hajitog, of the Owens Collcyc.) 

(From the Journal of the Chemical Socirtij.) 

PrKFA(‘E. 

ri'IHl'j work recorded in the following memoir \vas carried out 
l)y tlie author during the years 1889-91 in Professor Dixon’s 
laboratory at the Owens College. It was brouglit to an end by 
his untimely death in October, 1891.'^' 

Tills memoir has been drawn up mainly from tlie contcjits 
of live roiigli^ >,otebooks, which contain tlic actual record of tlie 
anthoi‘’s experiments as they were performed* in tlie laboratory. 
But certain missing particulars, with regard to the preparalioii 
and titration\4, the editors have been obliged to lill in from their 
own kn()wledg(i ; whilst for others they arc indebted to Messrs. 
Harden, Ormaiidy, and Btanton, whom they here desire to thank. 
Tlie atomic weights had in most cases only been calculated 
approximately from the observations ; for the application bf 
corrections, and for the calculations of which the results are 
now given, the editors arc vesponsihle. They feel deeply how 
much more imperfect must ho the present exposition of tlie 
research tluin tthat wliich tlie author woulij have given; hut, as 
they were better ac(|uainted with its details tlian any other of his 
friends, they undertook the task of editing it. 

It may ))C added that a considerable mimbor of bulbs filled 
with the various fractions of boixm bromide, which served for the 

* See obituary notice ir» the Manchester Guardian, October 17th, 1891, 
and in Chem. ISoc. Journ.^ Trans., 1892, p. 180. * 
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last series of determiiifijj^tions, have been preserved. These were 
intended for additional experiments. The editors hope that, 
before long, this material may be utilised. —T. E., P. J. IT. 

HiSToiucATi Introduction. 

The element boron was isolated almost simultaneously by 
Davy (Phil. Tram., 1808, i, 48) and by Gay-Lussac and ^J^henard 
(Annales de Cliimic, Ixviii, 169, and liechcrchcH Phifsico-chinwj/fes, 
1811, i, 308), who found, by oxidising boron with nitric acid, tluit 
the sesquioxide contains about one-third of its weight of oxygen. 
This numboir would give 48 as the atomic weight of boron. 
Almost at the same time, JI. Davy [PJuL Trans., 1809, i, 8l^) 
also obtained free boron, and found, by burning it in oxygen, 
that the oxide was composed of 1 part of boron and 1'8 parts of 
oxygen, from which number the atomic weight of boron i?? calcu- 
lated to be 13*3. The first accurate determination of the atomic 
weight is due to Berzelius (Ann. Plnjs. Ghent., 1824, ii, 128), who 
estimated the amount of water of crystallisation in boiax. The 
borax was first fused in order to destroy organic matter, and then 
recrystallised and dried between sheets of filter paper for twenty- 
four liours, after which it was powdered and exposed to the air 
for varying lengMis of time in order to get rid of mochanically 
enclosed water. A weighed quantity of the substance was lieated 
canifully in a. platinum crucible until it finally mejted at a red 
heat. Three experiments which gave identical results showed 
tliat the percentage of water in borax is 47*1, ■' The atomic weight 
recalculated from this nurnbert is B-^ 11 *009. 

In 1849 (ConipL Rend, xxix, 7 ; and J, pr. Chcni., xlvii, llo), 
Laurent published a further determination of the water of crystal- 
lisation of borax, lie found that on throwiiig a piece of iron intef* 
melted borax, hydrogen was evolved, and concluded that the 
whole of the water was not driven oil* from this salt by simple 
»• 

* Tho woiglits HOG. A only to liave been determined to the centigram 
t In the following memoir wo have used tlirongbout the following atomic 
weights : Na -^S Ool, Ag "107 1)23, Hr - TU Doi, the iiumhers calculated 

by Clarke {Goiistanfs of yaturc). VVe Jiave taken 11 - 10077, this number 
being the jueaii of tho numbers given by Stas (1*0075), Cooke and Kiebards 
(l’(K38‘3), Noyes (1 0072), Kaylcigh (l OOGO), and Dittmar and liondeisoii 
(1*0085). (/See Ramsay in the Year Book of Scieme for 1801, j). 132.)— 
T. E., P. J. H. 
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fusion. Ho, therefoi'o, mixed it with^ about ono- tenth of its 
weiglit of powdered Iceland spar, and thus obtained the numbers 
47'15 and 47-20 for the percentage of water. He did not, 
however, regard his experiments as very exact. The atomic 
weights recalculated from these results^' are i0-l)78 and 10-857 ; 
mean “10*017. 

Finally, in 1850, Dumas {Ann, Chim. Plit/s. [dj Iv, 181) 
included iu his well-known memoir on atomic weights the record 
of three experiments made by Deville, in which boron chloride 
and boron bromide were precipitated witli silver. Tlio atomic 
^veights recalculated from Deville/s experiments* areas follows : — 


(a) from BCl, 10*808 

{/>) from BBr^ lO OGl 


I'he discrepancies between the results obtained by previous 
observers led the autlior to undertake a redotci-inination of the 
atomic weight iu question. For this purpose, he 2)orformed tliree 
series of experiments, dciionding on (1) the esthnatioji of the water 
of crystallisation in borax, and (2) the estimation of the amount 
of silver necessary to ^precipitate the bromine of a given weight of 
boron bromide (preliminary and fijial series). 

DeTEUMINATION OE the WaTEB of (hlYSTAimiSATION IN Bojrax, 

Na,BiO„10ILO. 

Tlie borax used was recrystallised once slowly, and twice 
suddenly, from a sujpersaturated solution in ordinary distilled 
water, and, finally, a fourth time from a supersaturated solution 
in redistilled water. The small crystals thus obtained were freed 
from the mother licpior by means of the watc '-pump, and allowed 
to stand in a vacuum of 5 rums, over anhydrous borax for a week. 

Owung to the fact that on heating crystallised borax in the air 
it swells lip tjO an enormous extent, it was found extremely 
diflicult to drive off the water in this way without incurring 
mechanical loss of the substance. The following process of 
deliyd ration was, therefore, used. The borax was weighed .in a 
platinum crucible, and this was supported on a pipeclay triangle, 
and clipped into a wide glass tube, scaled up at ono end. A 


tSec note t, p. 169. 
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lump of quicklime WcTS^then introduced into the tube, and the 
end closed with a well-litfciug india-rubber stopper, through which 
passed a tube connected with a closed inanorneter, and, further, 
with a walor-puinp capable of reducing the pressure to the 
vapour tension of water. The end of the glass tube, in whicli 
the platinum cnunhle st()od, was placed in an air bath made from 
a biscuit tin. The crucible was tlius heated in various experiments 
for very diiTer(}nt lengtlis of time (o-™20 hours) to hetween 250^ 
and dOO'' ; hut practically the whole of the water that couhl be 
expelled at this temperature was found to come oil' in the hrst 
three or four liours. About ^ per cent, of water still I’emaiiicd in 
the substance after the longest continued heating. Torejuove this 
residual quantity of water, the crucible was taken out of tlie tube 
and heated over the naked Hame of a Bunsen burner until the 
weight became approximately constant ; in some cases the linal 
heating was done with a ))lowpipe. 

The experiments recorded below wore only considered by 
the author as preliminary, and weie carried out in order to 
deUn’inine ujidei* what conditions they must bo perfoniiod to be 
suiVuviently accurate for atomic weight determinations. 

Tlie following experiment shows that no boraCji^.^acid or other 
substance is volaWiscd with the water of crystallisation at 265''" in 
a vacuum. A certain quantity of borax was introduced into a 
tube, a plug of asbestos was then inserted, the tube exliausted, 
and all the water which came over on heating was condensed 
and collected. It rlid not act on turmeric paper, and left no 
appreciable residue when left to evaporate in the cold over 
sulpliLiric acid. 

It was, however, found on heating melted borax over a blow- 
pipe that the Ihime was coloured yellow, which seems to show** 
tliat it volatilises, at least, to some luiiiuUi extent, at high tem- 
peratures. 

It was observed* that on prolonge<l heating over a i^unsen 
burner, tlie weight of the crucible and contents, which diminished 
at first, linally began to increase. This final increase may have 
been due to absorption of sulphur from the llame. 

The following are the results of those preliminary exi)eriijients, 
of which the data are sufliciently complete to allow of an atomic 
weight being calculated from them. 
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No. of 
expt. 

Corroctod weiglit 
of 

Na..BjO7-fl0ir>O. 

1 

Corrected Aveight 
of residual 

Na2B407. 

i 

Pcrcoilage 
of H./) 
found. 

Atomic 
wciglit of 

'' I 

A85 .. 



471W.1 

I0‘848 

Am .. 


1 (rS:>om) ; 

! ! 

! 47-8808 

! 

mm 

Ai m .. 

HiiWlL' 

2-4o24H 

47-3804 

1 ' 

lOool 

Am9 .. 

7171‘<I1^ 

j 

\ 47-J.7i)S 

iO-708 

Aiai .. 


1 2*(107otl 

i 47-2(«{ 

U»-719 

i_ ' 


The numbers of the experiments given in column 1 correspond 
to the pages of the notebook on which tliey arc rocord(id. The 
weights of hydi’ated and anhydrous borax wei'c^ cornjcted for 
buoyancy in air. 

As has already been said, the weight of the fused boi*ax in 
some cases reached a jviinimiim value, after which it increased. 
Tliis minimum value (corresponding to the highest percentage of 
Avater) has in these cases been taken as the final weight of the 
fused borax. Tli(3 weighings (performed by the method of vibra- 
tions) were probably accurate to milligram. They liave l)(;en 
corrected for^^e'rrors in the weights used and for buoyancy in air. 

I For a full account of the application of these corrections secj 
p. 180. J As tlie fourth place of decimals is probalrly coiTecfc in 
the actual weighings, the fifth jdace has been preserved in the 
corrected numbers. 

The following i*emarks on the single determinations may be of 
value : In A 91 and A 1.18 the borax was finally heated in a small 
Fletcher furnace, capable of melting cast iron easily. In both 
cases the temperature was, therefore, excoptibnally higli, and the 
loss exceptionally great ; the atomic Avoiglit calculated from the 
result is tlierefore low. A 129 ar;'d A 181 Avore the tAvo last 
experiments nrade, and arc probably more ..worthy of confidence 
than the preceding ones. In A 131 the borax was finally fused 
over the bloAvpipe, The actual weighings in a giA^en instance are 
quoted to show the variations which occur on pfolo])ged lieating. 


Crucible + borax fused with Bunsen burner 27-808 l»5 

re-fused „ 27-804b2 

„ blowpipe 27*80812 

,, for half an hour 27’80253 
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The determination erf the atomic weiglit of boron liy this 
method necessitates the determination of the precise' range of 
tempe,ratnre within vvhicli all tfie water of crystallisation of borax 
can be driven off, while none of the anhydrous siibstaiicc is 
volatilised. 1'hat this is no easy matter, the above experiments 
clearly show. In spite of their apparent concordance,^ therefore, 
Berzelius’s results cannot be finally accepted as tnist\Yorthy. 

[The method is evidently open to objection on another score, 
viz., that it is exceedingly rare to find bodies, which crystallise 
w'ith an exact inimbor of molecules of water of crystallisation. 
On the one hand, the mother liquor may bo included mechani- 
cally; on tire other hand, the salt may he slightly deliquescent, 
or slightly efilorescent. It is quite possiblet that the compound 
Na..>Hi 07 + 10I f,iO may yield some of its water of crystallisatioi. to 
anhydrous borax, liotli bodies tending to form a lower hydrate 
with a lower tension of dissociation than the decaliydrate. — 
T. E., P. J. ir.j 


PliEPARATION OF BoRON IIkOMIDE. 

a. Preparation of .IjoroiK- Tho method followed was that 
de.scrihed by Wcrfiler and Devillc. A considerable amount of 
ti’OLihle was taken in attenqiting to jrurify the borax completely. 

Pure boiacic acid (of commerce) was first boiled with a small 

* 

({uantity of baryta to free it from, sulphuric acid, wliicli adheres 
to it very t(}naciously, and w-as then recrystallised in small 
portions at one time. The boracic acid so obtained was fused 
over tlie blowpipe in a platinum dish, and poured out on to an 
iron plate, broken up and powdered, and passed through a sieve. 

The powdered substance was then heated in an iron crucible^ 
with sodium, under a layer of sodium chloride, exactly in the 
way described by WtihleL’ and Devillc Gliim. Pkys, |3] lii, 

(>3, 1858). The mauss was poured into hydrochloric acid and 
filtered, and the boron mud thus obtained was transferred to a 
platinum dish, and treated w'ith strong hydrochloric acid and 
ammonium Iltioride (to remove iron and silica), the liquid being 
warmed. It was finally washed with alcohol and hydrochloric 


* Sne note *, p. ICO. 
t Tills suggestion is due to Dr. ^lardcii. 
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acid, and alcohol and etlior, and dried ia a vacuum. It appears 
that tliis preparation was not ))ure, hut still contained iron 
(perhaps in tlie form of a boride?). A second preparation of 
boron was made, the fused mass being poured, as before, into 
hydrochloric acid, and then Avashed by decantation till fnje from 
t}u3 acid. As soon as this is the case, the boron begins partly to 
dissolve, partly to suspend itself in the water, and from these 
washings, boron free from iron was obtained by precipitating 
with hydrochloric- acid, re -suspending by treatment with potash, 
and precipitating again with hydrochloric acid. The boron thus 
freed from iron was then dried on a porous tile in a vaemmn for a 
inontli. It was found that it was impossible, however, to free it 
from water in this way, for on heating it in a vacuum at 100'^, 
water,, and, at a higher temperature, hydrogen, were given oil. 

To free the boron from watei*, and from any oxide which might 
be formed in the prosemce of water, a portion of it was washed 
with alcohol and then with ether; hut on heating subsequently to 



this operation, hydrocarbons were evolved, and the attempt to 
obtain boron free from oxide was therefore abandoned, and it was 
decided to eliminate the products due to its presence at a later 
jstage. 

h. Preparation of the Bromine , — The editors can find no 
details with regard to the bromine r^sed in Preparation 1 (infra). 
The bromine lised in Preparation 2 was made in the following 
way : A. solution of potassium bromide was treated witVi bromine, 
and shaken up with pure carbon bisulphide to free it from iodine. 
The bromide was then crystallised and heated wi^^h pure potassium 
dichromate and dilute sulphuric acid, and the bromine thus ob- 
tained was finally distilled over pure, red-hot, electrolytic copper 
to free it from chlorine. [ It is possible tliat other precautions to 
ensure its purity were also taken.— T. E., P. J. H.J It was 
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collccited in a stopperf^i funnel, D, I, ground to fit the 

apparatus for the producition of horon bromide?. 

r, Prepardtion of Boron Bromide . — Two dirierent pre^parations 
of boron bromide were made from the? boron obtained in tlie way 
described above. Tn the first only 0 grams of lioroii were used, 
and the details given in the author's notebooks an? incomplete. 
This preparation was used for the proliminaiy set of deter- 
minations. 

The second preparation was on a large scale, and the editors 
are able, from their own knowledge, to give somewliat fuller 
details witli regai'd to it, although no notes on the subject have 
been preserved. 

Breparallon 1. — Six grams of boron wen? first ignited in 
hydrogen in a hard glass tube placed in an ordinary combustion 
furnace, to free it from moisture ; bromiiui was then (Tistilled 
backwards and forwards over the substance lieated to redness, the 
product allowed to stand over mercury till the excess of bromine 
was absorbed, and then distilled off from the mercuric bromide 
formed. 

Preparailon 2. - I'he apparatus used consisted of a hard glass 
combustion tube, CC^, Fig. 1, about 1200 mms. in »lengtli, to the 
ends of whieli wcue fused the U tubes A and 15. The stoppered 
funnel 1>, containing tin? bromine, was gj’oimd to fit into the tube 
A, and the joint well wraiipod round witli load foii. The bent 
neck of the distilling flask l^l, whicli contained mercuiy, was 
similarly ground into the U tube H. 

Fromine was slowly distilled over the red-hot horon placed 
between C and C', and the bromide formed, together with the 
excess of luomine, were finallv transferred to the distilling flask. 
Tliis ^vas then sealed up, and tlie mixture allowed to remain in it 
until the colour of the bromine had disappeared. The substance 
was then redistilled into a clean dry flask of the ,form shown in 
Fig. 2, and from this flask it was liually distilled into the tube F, 
from wliich it was transfen-ed to the glass bulbs used in the 
atomic weight determinations*. 

* As the boron was not anhydrous, some fiydrobroinic acid must ha.e been 
formed during the operation ; but it is probable that by the action of the 
mercury and the mercuric bromide, and the repeated distillation of the heron 
bromide, it was finally completely eliminated. 
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The tube A B was about 1 metie lon«, so that when the flask 
was exhausted by means of the Spvenj^el pump, the mercury in tlie 
trough C 1) did not rush back into tlie flask. A thermometer, E, 
was sealed into the neck of the flask by wrapping it tiglitly round 
with thin lead foil, which, for further secvnity, was enveloped 
outside with sheet india-rubber coated with coaguline. 



Fig. 2. 


The apparatus being so arranged, the boron bromide was dis- 
tilled in fractions of 10 to 15 c.c. at a time into the test-tube F 
standing in the trough C D over dry clean mercury. 



TKe separate portions of boron bromide were then introduced 
into thin glass bulbs of the form shown in Pig. 3, w^hich had been 
previously weighed. In order to fill each bulb, it was first filled 
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completely with tlie iner<iiiry. Th(? open end of the capillary neck 
was then slipped up into the l)oron bromide at the top of tlic tube 
F, and by alternately warming and cooling the bulb with a small 
flame, the whole of the mercury was replaced Iry boron bromide. 
The capillary was tlien sealed oil as close to the bulb as possible, 
and the neck was preserved along with the bulb to bo weighed 
again. 

The bulbs thus prepared always contained a small bubble of 
gas ; this, however, consisted only of the vapour of boron bromide, 
as on slightly warming tlie bulb in the hand the bubble could be 
made to disappear entirely. The size of the bubbles varies rapidly 
with the temperature, so that boron Ijromide would appear to 
have a large co-eflicicnt of expansion."' 

* Densify of Boron Bromide . — In order to apply tlio buoyancy corrixstion to 
the weights of boron bromide, it was necessary to know the dciKsity of tho lirpiid. 
This was determined (by the editors) with one of tho bnlhs (0) prepared by tlie 
author. Tlie diameter of tho bubble of boron bromide vaiiour resting against 
tho side of tlie bulb at tho temperature of the experiment (iG '-r)) was found to 
be H'3 iiiilliiuetres ; its volume was known to bo greater than a hemisphoro, 
and less than a sphere. As the differcuco between tho limiting values is a 
small quantity compared to the others which entered into tho calculation, no 
sensible error was committed by supposing the mean to bo tho^truo value. 

The density of th^ boron bromide was found from the following equation : — 


whore dw - ^density of boron bromide. 

B- -weight of boron bromide (corrected for buoyancy by assuming the 
density to bo that given by previous observers, that is 2-7) • lO Biril 
grains. This weight was determined as the difference of the weights 
of tho bulb filled and empty. Strictly speaking, tho weight of boron 
bromide vapour in tho bubble should be sulitracted from this number, 
but this weight r*aunot be more than milligram, and is therefore 
negligible, 

V - the volume of the filled bulb, known by a determination of its loss of 
weight in water of known temperature 4- 37381 c.c. 
weight of glass of the bulb— 0 5G388 gram. 
dg —density of tho glafift of the bulb- 2 •4G70. 

t; — volume of the bubble -0 0137 c.c. 

Whence we find - 

(at lG’^-5) -2 6175. 

Wohler and Devillo gave tho number 2*69, but they do not state tho 
temperature at which the determination was made, and which was probably O '. 

The result given above is of oourso affected by tho uncertainty as to tho 
exact volume of the bubble, but the limiting error in the density cannot 
amount to of the toti*;! value. As tho density was only required to correct 
the weighings, greater accuracy was not attempted. T. E., 7'^.J.ir, 

N 
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PRErAKATION OF THE SiLVEK. 

The silver used was prepared in various ways ; — 

(a) Was obtained as chemically pure from Schuchardt. 

(/>) Was prepared by reducing silver nitrate witli ammonium 
sulphite ill the presence of copper, according to the method 
described by Stas. 

(c) Was made by reducing silver chloride with milk sugar, but 
the method used differed somewhat from that of Stas, and is there- 
fore described. About 60 grams of recrystalliscd silver nitrate were 
fused till a small (juantity of silver had been reduced ; the melt was 
dissolved in 250 c.c, of water, filtered, and the solution diluted 
up to 3 or 4 litres. It was then precipitated by means of pure 
dilute , hydrochloric acid, and the silver chloride formed was 
washed by decantation, and digested with aqua regia in the cold. 
It was then again washed and dissolved in 1 litre of water, 
saturated with ammonia, and filtered. 100 grams of twice re- 
crystallised milk sugar were dissolved in 1 litre of water, and 
filtered into the silver solution. The mixture was allowed to 
stand for a day in the cold, then warmed, and finally boiled. 
The reduccd*l3ilver was washed by decantation, first with cold 
water, and then with boiling water. The water used had been 
carefully redistilled from an v-on can provided with a block-tin 
condenser. The silver obtainecl. by the method described is in an 
extremely finely divided form, and the wasliing was very tedious. 
It was collected and melted on lime in the oxy-coal-gas blowpipe, 
care being taken to use an excess of oxygen. The silver used in 
the final set of determinations was then purified by electrolysis in 
^ the following way. Part of it was dissolved in nitric acid, and 
the solution of silver nitrate was placed in a platinum dish, which 
formed the negative pole. The poi^itivo pole consisted of the 
remaining poi'^iion of the silver suspended Jn a linen bag, and 
connected to the battery by a platinum wire. The bag was hung 
from the top of a bell-jar, which protected the solution from dust. 
A tangent galvanojneter was included in the circuit, and the 
current regulated to the strength which was found by Lord 
Eayleigh and Mrs. Sidgwick (Fhil. Tnms,, 1884, ii, 411) to give 
the best results with the silver voltameter. Black crystals (of 
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peroxide?) were fonne(> in very small quauiity, wliich j^row in 
long, hair-like lilaments, and sometimes reached from tlio dish 
across to the hag. They were, however, isolated, and easily 
renioved (the silver, on melting in a vacuum, gave off no 
oxygen). The metal obtained was granular and brilliantly 
white. 

The electrolytic silver was placed in a boat cut from a block 
of quicklime, and melted in a porcelain tube in a vacuum. 


Weighings. 

The weighings were all performed with a Ladd and Oortling 
balance provided with an optical arrangement for estimating accu- 
rately the amplitude of the swings of the pointer. [The balance 
has beeii dc.sciibed by Wills, Chem. Soc, Tnins. xxxv., 707,4870.] 
All weighings were made by Gauss’ method. The ol)ject to be 
weighed was first placed on the left-hand pan, four sets of vibra- 
tions (each consisting of five or seven swings past tlic (*entre of 
the scale) were taken, and the position of the/ zero was calculated. 
This operation was repeated with tlie object to bo weighed in the 
right-hand pan, and finally again with the ol>jcct in the loft-liand 
pan. Tlie difference between the two weighings with the object 
on the left-hand pan never amouutcHl to more than milligram, 
and generally was less than The mean of tlie two wffighings 
with the o})jcct in the left-hand pan was, of course, in all cases 
taken. The difference between them was due to a slow change of 
the zero point wliich was found to bo continuous throughout the 
series of operations. 8uch variation did nob therefore introduce 
a sensible error into the wtughing. 

The temperature of the air in tlie balance case, and the haro-« 
metric pressure, were noted for each weighing. The air was 
assumed to be dry, as fresh calcium clilorido was kept in the 
case. * 

The errors of the weights were determined thr(ie times in the 
course of the work, liefore each prolonged set of weighings. As 
two of the 1-grani weights happened to be precisely equal in 
weight, they were taken as standards. 

The only weights for which the corrections varied more than 
one or two hundredths of a milligram were tlio 10-gram weight 
and the 5-gram weight. The correction for the 10-gram weight 
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varied 0*G milligram, and that for the /^gram weight 0*3 milli- 
gram, during tlio tliroe years over which, the work extended. 

'^I.’he weighings of boron bromide (A) and of silver (B) were 
corrected for buoyancy in air by the following fornuiUc: — 


(A.) 


Corrected weight of 




[ 


W-?(> 

2-617 


■ 8-28 ■ 


21-23 J 


) 


(B.) Corrected weight of Ag 



W 

2i*23 


]• 


whei'e W is, in A, the apparent weight in grains of the bulb full of 
boron bromide in air, and in B the apjiarent weight of silver 
in air. 

w is the apparent weight of the glass bulb in air. 

(7 is the weight of 1 c.c. of air at the temperature and pressure 
noted during the weighing. 

Wn and Wyx arc the brass weights used in making up the weights 
W and to. 

Wj, and tOj, are the platinum weights used in making up the 
weights W and w. 

[The correction for the rider is negligible.] 

2*617 is the density of boron bromide. 

8*28 is the density of the bi*ass weights. 

21*23 is the density of platii:jiiiu (Everett). 

10*5 is the density of silver. 

The density of the brass weigJits was determined by weighing 
the 50-gram weight in w^ater. The error introduced by the dif- 
ference between the actual density of the platinum weights used 
r. and the average of the numbers given in Everett’s C.G.S. Units, 
which has been taken, could not introduce a sensible error into 
the experiments. , 


Titration of Boron Bromide. 

When the weight of boron bromide in the bulb chosen for an 
experiment had been determined, a lump of silver was cut off 
froni the mass, and reduced very nearly to the proper amount by 
means of a sharp, hard-steel chisel. It was next washed with 
dilute hydrochloric acid, ammonia, and watQr, and heated before 
the final weighing. It was then dissolved in nitric acid in a 
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stoppered bottle. The •bottle had walls about j ineh tliiok, and 
the stopper was ground in with care. When the silver was all 
dissolved, the bulb of boron bromide was introduced, the stopper o 
inserted, and the hottle shaken so as to break the bulb. The 
sudden pressure, due to the evolution of gaseous hydrogen bromide, 
which did not iiinnediately dissolve, was so great as to burst the 
bottle in sonio cases, a number of determinations being thus lost. 
Some bottles specially made for tlio purposti were used in the 
final determinations, of whicli one or two alone j^.ioved satisfactory. 

The titrations were carried out by a method which in its 
essentials is that of Stas. A solution of silver nitrate was made 
up so that 1 grain of solution contained exactly I’OO milligram of 



silver, and a potassium bromide solution was prepared which was 
exactly equivalent to it (by weiglit). These solutions were intro- 
duced into pipettes of the form shown in Fig. 4. The small glass 
cap A was ground on to the end of the siphon tube, so as to 
prevent loss of liquid when the pipette was not in use. Th^. 
pipettes were weighed (to the milligram) before and after each 
addition of solution. 

The bottle was placed in a wooden box, blackoncd internally, 
and could be illuminated by the rays of a lamp, which were spread 
out into a fiat pencil by means of a glass cylinder, placed with its 
axis horizontal. The slightest turbidity in the liquid could tlius 

be detected aftei- the addition of silver or bromide solution. Before 

« 

repeating the addition of either solution, it was found advantageous 
to filter the supernatant liquid through a small filter into a test- 
glass, leaving the curdy mass of silver bromide at the bottom of 
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the bottle. The filtered liquid was the^i poured back into the 
bottle, and tested afresh with bromide or silver solution, as the 
case juight be. Towards the end of the reaction, a considerable 
time was allowed to elapse between the successive additions of 
these solutions; often only two or three drops were added in 
a day, so that each titration required a week or more for its 
completion. 

It is well known that some excess of one (say, the silver) 
solution may be added before *an additional di:op ceases to produce 
a visible cloud ; and after this point has been reached, a not incon- 
siderable amount of the otlior (say, the bromide) solution must be 
added before an additional drop of this solution ceases to produce 
a cloud. The silver solution w^as therefore first added, until the 
no-t,urbidity point w^as attained; the process was repeated with 
the bromide solution, and again with each solution alternately 
several times. It was assumed that half of the bromide solution 
added after silver had ceased to produce a visible reaction was 
equivalent to the excess of silver present at the beginning of this 
operation, and that tlie other half was itself present at the end 
of the operation as excess. Then, on adding the silver solution 
again, half tlte aniount added was regarded as equivalent to the 
excess of bromide in the liquid, wdiile the second half as before 
remained in excess at the end of the operation. In this way, the 
excess existiiig at the previous jjtage could be calculated from each 
addition of bromid(3 or silver solution after the first. The mean of 
all tlio numbers thus obtained was taken to be the true excess 
present after the first addition of silver or bromide solution. In 
this way, the exact weight of silver necessary to precipitate the 
, bromine in a known weight of boron bromide 'could be determined. 

The atomic weight of boron was calculated from the experi- 
mental numbers by the formula 

‘ B:-:BAgX-3Br. , 

where B, Ag, and Br are the atomic weights of boron, silver, and 
bromine respectively, and X is the ratio of the weight of boron 
bromide taken to the weight of silver necessary 'co precipitate the 
bromine it contains. 

Ag was taken -107*923, Br=79‘951 (see note t, p. 169). 

The following tabic gives tJie experimental data and atomic 
weights calculated from them ; — 
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Tadle II.* — rmlimmary Series of Determinations, 


Frac- 

tion. 

No. of 
bulb. 

Weight 
of boron 
bromide. 

Weight 
of silver 
weighed 
out. 

Deficiency 
or excess 
deter- 
mined by 
titration. 

Total 

silver. 

Ratio X - 
boron bromide 
silver. 

Atom j 
weight- ! 
of 

boron 

— 

10 

1*81203 

2-842'J') 

|•(M)01G.'> 

1-6040G 

0-774489 

10-902 




i - 1-15053 




! 

; ! 

-- 

7 

4-300 U 

5-07530 

f 0-00240 

5-07820 

0-774783 

I lO-OOS 1 


4 

i 5 04022 

i 

0-50785 

j 0-00035 i 

0-50820 

0-774441 ^ 

10-887 ' 


1 

0-51507 

8-38800 

f0‘00()20 i 

.S-;58'Jll) 

0-77132(> 

10-850 



7*75343 

10-01300 

-0-00134 

i 

10-01205 

0-771388 

0 

10 87C 


It must be borne in mind that a given pei coutage en or in the 
determination of X will ]n’odace a relative enor 23 times as great 
in the value of B, a result which may easily be deduced from the 
equation given above, B — 323*7G9X — 239‘8o3, if we replace X by 
its approximate value 0*774. The autlior was, of course, aware of 
this, but the method described was cliosen, nevei’theless, as the 
most accurate one available. 

The close agreement of determinations made with the various 
fractions of boron bromide of IVeparation ii (Table Ilf) affords 
strong evidence that the substance was in a state of all but 
absolute purity. It must, however, be noticed that — 

(1) The pairs of experiments made with the same fractions, 
namely 23 and 2/5, and 32 and 34, yield results wdiich differ only 
by the ifnuon part of their value, and that this may probably 
be considered as the experimental error to which determinations 
made with the same fraction were liable. 

(2) The tw'O results deduced from experimentj made with the 
first fraction differ in a relatively marked way from the other live 
results. 


* The editors hesitated to insert this table, as the numbers are without 
comparison less concordant and trustworthy than those of Table TIT, bat have 
decided to do so for the sake of completeness. 

They have purposely omitted to calculate a mean atomic weight from the 
observations, as the author regarded them as purely preliminary. 
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(3) Boron chloride^ has a lower boiling point than boron 
bromide, and if any of this substance were present as an impurity 
in the bromide, the major portion of it would distil over with tlie 
first fraction, and the atomic weight calculated from the deter- 
minations made wdth this fraction would, therefore, be too low. 

Hence it would seem preferable to neglect the first two results, 
and to consider as the atomic w’eight yielded by these detennina- 
tions the number calculated from the last five results. 

The number thus obtained, B=- 10*825, is, it; will be seen, lower 
than that given by previous observers, and, iuoreover, differs 
considerably from the nearest whole number. 
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By 0. H. Bailky, D.Sc., Ph.D., ami 
Thoknton Lamb (1851 ExhihUion Scholar, Otoens College). 

(From the Journal of the Chemical Society.) 

T HK atoiuic ^voigllt of pallacliuin was first determined by 
Berzelius {yinn. Chim. PhnfH. viii., 177) in the year 1813 
I’y a synthesis of tlio sulphide, and by tlie reduction of the 
chloride by jneajis of mercury. The values obtained from these 
experiments were 7.11 and 704 respectively (oxygen -- 100). Fifteen 
years later {ibuL xiii., 454), having recognised that these numbers 
could not be regarded as very accurate, he n^peated the deter- 
mination, using potassium palladious cliloride. lie found this 
difficult to prepare in the anhydrous condition without running 
tlie risk of decomposing the salt, but, notwithstanding this, he 
estimated after reduction in hydrogen ■ 

a. The amount of palladium in a given quantity of the salt. 
h. The amount of potassium chloride washed out from the 
residual imlladium. 

c. The chlorine given off when the salt is strongly heated. 

His numbers, as deduced from these experiments, and recal- 
culated by Clarke {Constants of Nainrc v, 257), are : — 


From percentage of metal 106’G12 

„ KCl 104G74 

,, chlorine 110*796 


Berzelius himself accepted the first of these values as repre- 
senting the atomic weight of palladium. 

In 1847, Quintus Icilius published a dissertation in which he 
refers to some experiments done by himself, which led him to 
take 111*879 as the atomic weight of palladium. 
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At the time we comjjrienced our investigation, those were the 
only estimations which had been made, though, while our work 
was in progress, a paper was puVdished by Koisor {Amer, Chcm. 
Joiirn, xi, 398), from wliich it appeared that ho liad used iu his 
doteriiiinatious palladammoniuiu chloride, Pd(NH;^Cl) 2 , a salt 
whicii our preliminary investigation had already led us to adopt 
as apparently well adapted for the purpose. It docs not, how- 
ever, appear from Keiser’s paper that any special precautions 
were taken to insure the purity of the palladiu'ii used; moreover, 
the details given with regard to the preparation of tlie salt and 
its analysis arc too meagre to enable us to draw conclusions as to 
tlie cause of the difierence between his results and those \Ye Ijave 
obtained. 

The value assigned as the result of these experiments, viz., 
I()(r35, is almost identical with that of Berzelius already (pioted. 

In view of tlui importance of a redetermination of the atomic 
weights of the platinum metals, and of the interest which attaches 
to tlie Avork done during the last few years by Seubert and others, 
we decided to continue our investigation, especially as, from a 
communication kindly jnade to us by Professor Seubert, it appeared 
that he had no immediate intention of entering upon a rodeter- 
mination of this atomic weight. 


PliEl’AKATION OF PALLADIUM. * 

Tilo raw material for the preparation was obtained from the 
Sheffield Smelting Company, and consisted of residues rich in 
palladium whicdi had been accumulated by them for some time. 
It was found to contain about Do per cent, of palladium associated 
witli Binall quantititiS of other platinum metals, chiefly platinuir^, 
and also copper and iron. 

The material was ii rst extracted with hydrochloric acid, and when 
nothing more passe^ iiito solution, tlie residue was separated by 
filtration, waslied, and dissolved in afj; 2 ia regia. The small quantity 
of insoluble matter was then removed, and the solution boiled 
down several times witli hydrochloric acid until the nitric acid 
was entirely expelled. The palladious chloride thus obtained was 
precipitated by means of mercuric cyanide, the precipitate washed 
thoroughly (a very slow process, owing to its gelatinous character), 
and ignited. The metal left on ignition was rodissolved in hydro- 
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chloric acid with the*, addition of some r^itric acid as before, and 
then thrown down by means of potassium chloride prepared by 
Stas’ method; the potassium palladious chloride thus obtained 
being reduced in hydrogen and washed till free from potassium 
chloride. This treatment was repeated several times. 

The metal hrially obtained was practically unacted upon by 
hydrocliloric acid. It was again dissolved, the excess of acid 
expelled, and ammonia added ui\til the precipitate at first thrown 
down was redissQlved, a slight residue which remained being 
rejected. Gaseous hydrogen chloride was then passed into the 
clear solution after it had been suiliciently diluted to prevent the 
precipitation of ammonium chloride, and tlie yellow palladam- 
monium chloride precipitate collected in several fractious. The 
earlier and later fractions were rejected, the palladium used in the 
investigation being obtained from the intermediate portions by 
reduction in hydrogen. 

Examination of Salts of Palladiuim. 

The salts investigated wore those which seemed likely to be 
suitable for our purpose, namely: — 

a, Palladious cyanide. 

b, Palladammonium cyanide. 

c, Potassium palladious chlodde. 

(h Palladammonium chloride. 

ralladious Cyanide , — It was found that on heating a small 
quantity of this salt in the appai’atus already described by one of 
us {Chem. News liv, 802), and gradually raising the temperature, 
no cyanogen was evolved, and the weight remained constant at 
220\ An analysis showed, however, that i small quantity of 
water still remained attached to the salt, and when it was sought 
to get rid of this by heating to a still higher temperature, decom- 
position ensue(.\, accompanied by the formation of paracyanogen. 
The cyanide is, therefore, not adapted for tlio determination of an 
atomic weight. 

Palladammonium Cyanide , — This was prepared by passing pure 
hydrogen cyanide into an ainmoniacal solution of palladious 
chloride and rccrystallising the salt which separated out. It was 
obtained in splendid crystals, and appeared to be a most promising 
substance. 
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Some difiiculty was cv^pcrienced in obtaining it perfoctly anhy- 
drous, but this was ovoi-coinc. Even below 100 ' the salt l)ogins 
to give off ammonia, and it was thought that a dcieiinination 
miglit be made (a) of the ammonia, {h) of the palladious cyanide 
then remaining, (c) of the palladium ultimately left by the ignition 
of the palladious cyanide. It was found, however, tliat there was 
no sharp line of demarcation in tlie decomposition, so that, in 
view of the advantages presented by the corresponding clilorine 
derivative, the latter seemed preferable, nior(‘. especially as at that 
time wo were under tlio impression that it would be possible to 
separately determine the chlorine and the palladium, if not also 
the ammonia in it. Some determinations which wore made with 
this cyanide, hoAvever, rendered it prol)ahlG tiiat the atomic weight 
did not exceed. 100. 

PoiaHsium Palladious Chloride , — The difficulty of obtaining 
this salt in an anhydrous condition, originally jiointed out by 
Berzelius, constitutes a real objection to its use for an atomic 
weight determination. This objection, however, entirely dis- 
appears if, instead of taking the relation betw^een the salt and its 
constituents as he did, w^e ascertain the ratio which the con- 
stituents potassium chloride and palladium bear to each other. 
This ratio is manifestly independent of the presence of moisture 
in the salt. 

A cjuantity of the double salt was therefore pre^joared by pre- 
cipitating a concentrated solution of palladious cldoride by means 
of potassium chloride, avoiding the presence of oxidising agents. 
The crystals were carefully separated from the mollier li(|tior, 
several times w^ashed with small quantities of w-atot*, and di-ied at 
the ordinary temperdture under reduced pressure. 

The salt was then heated in a stream of pure, dry hydrogen at 
as low a temperature as possible until complete reduction bad 


taken place. , 

Table I. 

Denomination of Atomic weight of 

sample. KCl^ound. Pd found. Pd, H— I. 

KI 1-49767 1-05627 104-945 

K II 0-90484 0-63738 104-82C 


In consequence of the difficulty of preparing the pure salt in 
sufficiently large quantity, and the errors incidental to its analysis, 
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we at the time saw no hope of achievin)2[ results at all comparable 
in point of accuracy with those attaiiiaV:)lo from palladaminonium 
chloride. With a lar^^or amount of pure material, su(jh as we at 
present have, and the experience gained from the determinations 
made, we believe, however, that a good result may yet bo arilved 
at by this method, and shall take some futiiro opportunity of con- 
tinuing the investigation along these lines. We have every reason 
to consider the values deduced from the experiments quoted to bo 
too lowL 

t 

Palladammonium Chlokide. 

This salt can he obtained in a very pure condition, as already 
described in the preparation of palladium, and wluai the earlier 
and later portions are rejected several fractions can be o))taiMed 
which show no appreciable variation in character or composition. 
It separates out in exceedingly minute, pale yellow crystals, and, 
after decanting tlie mother liquor, the product is washed repeatedly 
by aid of the filter pump. It is practically insoluble in water or 
dilute acids, and can be readily dried under diininishe<l pressure 
at the ordinary temperature. It possesses the further advantage 
of not being hygroscopic, and on several occasions portions of a 
gram or more having been exposed to air increased in weight two 
or three tenths of a milligram during the first liour, and after that 
showed little or no further variation. 

Determination of Chlorine. 

Method of Analysis.-— From 1-5 to 3 grams of the salt were 
weighed out in a porcelain boat, and reduced by lieating in a 
stream of hydtogen. Tlie hydrogen was prepai ed from pare zinc 
and sulj)huric acid, and passed successively tlirungh alkaline 
permanganate of potash, nitrate of silver, and potash, and then 
over a layer of glass wool. The combustion tube used was about 
6 feet in length, ^two-thirds of it projecting outside the furnace, so 
that the greater part of the ammonium chloride formed in the 
decomposition iniglit condense in this part. Ammonium chloride 
was prevented from depositing on the fora parh of tlie tube by 
heating this first, and also by carefully regulating the supply of 
hydrogen. Notwithstanding all possible precautions, however, it 
was not found possible to condense the whole of the ammonium 
chloride in the tube. 
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The ammonium chloride washed out of the tube, and that 
which was carried over into the wash bottles succeeding it, was 
precipitated by the addition of silver nitrate, using all the pre- 
cautions adopted by Stas. In some of the experiments the silver 
chloride was determined gravimetrically. The following table 
gives the results obtained : — 

Table II. 


Atomic weight of Ptl. 


tiomination of 
sample. 

Pd(NH:,Cl).> 

takoii. 

AgCl 

found. 

\) - 1. 

_ -A... _ 

li-1. 

B ii 

1-24276 

1-682219 

6-6771 

106-566 

Eli 

1*08722 

1*468148 

6-7065 

107-036 

EY. 

1-47666 

2-000164 

6-6685 

106-430 

EVI 

1-34887 

1-837957 

6-5900 

105-177 

E YII 

1-74569 

2-362320 

6-6812 

106-368 


Mean 


6-6646 

106-368 


In the calculation of those values (t}i(> weighings liaving been 
corrected), the atomic weights used were : — 

Ag--: 107*06 
Cl - 35-87 
N - U-01 
II I *00 

The most cui'sory examination of these numbers shows that 
the variations are much greater than can bo accounted for by tlie 
ordinary o-rors of expei imcnt, nor are they attributable in any 
considerable degree to differences in tlie composition of the salt 
employed in the determinations. Wo found as a matter of fact 
that various causes were at work wliicli interfered with the 
accuracy of the results. 

In the first place though we ijiterposed several wash bottles, 
columns of moistened glass wool, or even collected and waslied 
the hydrogen used in the reduction, small quantities of ammonium 
chloride were carried forward and lost, and this pven when the 
hydrogen used for the reduction was passed veu'y slowly. Secondly, 
there is little doubt that secondary decompositions occur during 
the process of reductiqn, and the combustion tubing used for the 
process was acted upon at the moderate temperatures employiJd 
to a greater extent than seemed likely to arise from the coiiosive 
action of ammonium chloride. Amongst others, Heubert seems to 
have found the same difficulties in the determination of chlorine 



192 


G. H. BAILEY AND THORNTON LAMB. 


in such decompositions, and thought the ^differences might be due 
to the india-rubber cork which he used, taking up hydrochloric 
acid. A remarkable passage occurs in the paper already referred 
to, in which Berzelius describes his experiments on palladium 
salts ; we quote it, not only because it bears directly on this 
question, but also since it is particularly suggestive in view of 
recent investigations. Speaking of the palladamnionium chloride 
wliich he had prepared, he describes it as a substance “ wclcher 
bei trockner Destiljation zuerst ein wenig freies Amrnoniak, dann 
Salzsaiire, Stickgas und endlich Salmiak giebt, wiihrend reines 
metallisches Palladium zur Iljilfto seines Gewichts zuriickbleibt. 
Dieses Salzist dem MercnrinsimerAiniatm albus der Pharmaceuten 
analog, und bosteht aus einem Atom Palladium chloriir und einem 
Doppelatome Arnmoniak. 

'‘Die Entstehung desselben griindet sicli darauf, dass das 
Chlor des Chlonirs mit dem Arnmoniak bildet : Chlorarnmonium, 
Stickgas und Salzsaure.” 

As they stand, the results in Table II point to a value higher 
than 106 as the atomic weight of palladium, and so far are in 
agreement with the nnmber obtained by Berzelius ; but, as we 
shall see later, the value obtained from the palladium contained 
in the salt in experiments carried out with extreme care falls 
about one unit lower. 

We have ' tried the distillation of the salt with pure caustic 
soda, so as to determine the ammonia given off and the chlorine 
remaining in the residue, but the reaction is incomplete, and 
neitlier this nor any of the other methods which wo have thus far 
attempted have enabled us to check the results obtained in the 
experiments quoted above. Although the numbers found are suffi- 
ciently near to indicate tliat the salt has the composition wiiich 
has been assigned to it, there can bo no doubt of the desirability 
of an independent determination which shall afford more complete 
proof of its constancy of composition than is given in the succeed- 
ing experiments. 


Determination op Palladium. 

The tube in which the reduction had been performed was 
allowed to cool down to considerably below a red heat, and the 
hydrogen was then displaced by air. The boat now containing 
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the palladium was witlYli'aMm and introduced into a porcelain 
tube, which was first exhausted and tlien exposed a rod 
heat in a charcoal furnace. Any gases OAolved Mere drawn off 
by means of a Sprengel pump, the heating lieing contifiued 
for about two hoin*s, at the end of which time no more gas 
appeared. 

In order to avoid the possibility of alteration in the boat itself, 
it was wrapped in platinum foil," and in no case was the boat 
found to undergo loss of ueight. Indeed, a bo;>t wliich had been 
used for a number of determinations was not found to Viiry more 
than jnilligrjim. Tlie palladium sintered logeth(‘.r, forming a 
coherent mass resembling silver in a]>peara)ice, aUhoiigh a little 
more dull. More tlian 120 determinations were made in tliis way 
in five series, two of wliich were witli imperfectly purified material. 
The results of the ichole of the determinations in the last tlireo 
scries, except those made with tlie earlier and later fractions, are 
given in the succeeding tables. Series A and B were preparations 
from palladium obtained by a me'thod different from tiiat used in 
Series C. 

Tarle in. 

Series A. 


Denomination of Weight of Weight of Percentage Atomic weight, 


fraction. 

Pd(NHaCl) 

2- 

Pd. 

of Pd. 

U-1. 

1) n... 

1- 890597 

0-947995 .00- 1 4-2(> ’ 

105-353 

D HI 

l-87417rj 

()-940271 50-1G98 

105- 4G8 


Pd(NII„Cl)., 

Pd 

: :3-7G4772 

1-8882GG 



Pd 

0 

: C'6()4G3 

1-000000 



Pd 

H 

: 105-410 

1-000000 




Series B. 


m 

Denomination of Weiglit of 

Weight of Percentage Atomic weight, 

fraction. 

Pcl(NlI,Cl) 

a* 

Fd. 

of Pd. . 

H-l. 

E JI ... 

1-307076 

0'0oI087 r 

s0'0878 

105-123 

E III 

1* 340015 

0-G73207 rj0-237G 

105-754 

E IV... 

1*905530 

O-G.Or/JGO O01G71 

J05-359 

E V ... 

1-085582 

0-84G472 50-2184 

105-G72 ‘ 


Pd(NHaCl), 

Pd 

; 6-238239 

3-130316 



Pd 

0 

: G-6108 

1-000000 



Pd 

n 

: 106-508 

1-000000 



O 
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Series C. ^ 

Denomination of Woigiitof Woiglitof Percentage Atomic weight, 
fraction. Pd(NH,Gl)i. l»a. of Pd. 

FIX 1-091028 0-849120 50-2132 105-651 

Fill 2-112530 1-059090 50-1021 105-435 

FIV 2-110053 1-057910 50 1224 105-267 

li’V 1-909100 0-988155 50 .1838 105-523 


Pd(Nn;,Cl)., ; Pd -. : 7-883311 : 3-954875 

Pd ; 0 ; : 0-00707 ; 1-000000 

P(T : H : : 10;V4oH : l-OOOOOO 

Taking the mean of the three scries, we have : — 

Series A 10;)*4i0 

„ B 105‘508 

„ C 105-458 

* . Mean- 105*459 

a value agreeing with Series C, on which we have reason to place 
the greatest reliance. 

The Weighinos. 

The balance used was by Oertling, and had ah*eady been 
employed by one of us in the deteruiination of the atomic weiglit 
of zirconium and also in other atomic weight dotorminations 
made at the Owens College. 

The readings were made by means of a telescope, tlio image of 
the scale being reflected along the line of vision by mirrors. 

The stability and sensibility of the instrument may be judged 
by the fact that in a series of weighings, extending oven- a fort- 
night, the extreme variation of the zero point did not exceed 0-3 
of a division, whilst the displacement produced by the addition of 
a milligram w'as 11-1 divisions, and never vailed move than 0*2 of 
a division. 

We are of opinion that the readings may be relied upon to 
0*25 of a division. , 

The weights used were an excellent set by Staudinger. They 
had several times been carefully compared, and in the calculations 
allowance was made for the slight inaccuracies^ which had been 
observed in them. Tiie boat and palladium w'ere enclosed in a 
stoppered bottle, and every precaution w^as taken to avoid the 
absorption or condensation of moisture during the operation of 
weighing. 
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The weighings liav« also been mlnce<I to racuo. Tor tins 
purpose, tho specific gravities of the substances used were, deter- 
mined, and in tlio case of palladiiini in tlie state in which it 
occurred after reduction, the sjiecific gravity was found to be 
11-12, that of the palladajnmoniiun chloride being 2-/35. 

In conclusion, as the atomic weights of tho metals of the 
platinum group hav(i now been all v(‘doternnnod, it is not inappro- 
priate to place them together for The sake of comparison : 


Rutlioiiium. 

111 1 odium. 

Palladiinn. 

^ Silver. 

101/4 

102*7 

lOo-o 

107-7 

Osmium. 

Iridium. 

1 Matin urn. 

Gold. 

190-3 

192-5 

194-3 

19(>-8 

Tho difftu-encos 

ies arc thus : — 

between 

tho members 

of tlie same vortii.-al 

m 

88-9 

89-8 

88-8 

89-1 


Wo propose to make further attempts to determine the chlorine 
in the palladammonium chloride and to ascertai)i the relation 
KCl : Pd in potassium palladious chloride. We, liowevcr, thought 
it desirable that the results {ilroady obtained should be published, 
and, indeed, wo regard them as sulliciont to establish tho atomic 
weight, at any r*ito, with the degree of accuracy attainable in this 
group of elements. In conclusion, we must acknowledge valuable 
assistance from Mr. T. C. Moore, li.Bc,, who carried out most of 
the preliminary investigations, but was unable to continue the 
work. 



THE INFLUENCE OP DIFFERENT OXIDES ON THE 
DECO^kirOSlTION OF POTASSIUM: CHLORATE. 

By G. J. FowIiKR, M.Sc., and J. Grant. 

* ^ 

(From the Journal of the Chemical Society.) 

A S several i^apers have recently appeared on this subject, it 
will be well to give some account of the origin and scope 
of the present work. 

More than a year ago some experiments were made in this 
laboratory by J. Paul witli a view to piepare pure oxygon from 
f)otassiain chlorate. It was found tliat if the oxygen evolved was 
filtered through glass wool, before being collected over mercury, 
the latter remained quite clean on the surface when the gas was 
bubbled tlirough it. Ikdassium chloride in considerable quantity 
was found in tlie glass wool, and no (thlorino, or the merest trace, 
was evolved. It was found, however, that wlien silica or pow- 
dered glass was mixed with the clilorate, cJilorine was given off 
in appreciable (piantity. If, therefore, chlorine was given off at 
all on heating pure potassivim chlorate, as some observers believed, 
its evolution appeared to be due to the action of a large surface 
of glass on the fused salt. 

A few preliminary observations were tlien liiade on the effect 
of other substances, chiefly oxides, on tiie deconrposition of potas- 
sium chlorate.^ The results obtained at that time seemed to be of 
sufficient interest to warrant a fuller inquiry, Tlie work was 
therefore resume J later on, and a large number of experiments 
were made. 
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Since the beginning |Of the work, papers have been published 
by Hodgkinson and Lowndes, McLeod, and others, which have 
added considerable interest to the (juestion. Tliese experimenters 
have confined tlnmiselves cliiofly to the action of manganese 
dioxide on potassium cldorate under ilifferent conditions, llodg- 
kinson and Lowndes liavo examined the eflecas of otluir oxides 
to some extent, and have anticipated some of the results re- 
corded in this paper. Their conclusion witli rt^gai-d to tlie action 
of manganese dioxide on potassium eliloratc^ as follo^YS {Gkcvi, 
News lix, (53): “Tlie jnanganese dioxide is alternately reduced 
and reDxidised by tlie potassium chlorate, hut only in exceptional 
instances is the rcoxidation complete. 'Diis reduction in a 
strongly oxidising atmos])here is probably due to the atomic attrac- 
tion of tlie oxAgen; the oxygen atoms in tlie chlorate and the 
dioxide pull at each other, and the force of attraction, comljined 
with tlie decojnposing effect of the temperature, is sullicient to 
break up hotli compounds.” This theory, however, scarcely 
accouiits for the evolution of chlorine which inevitably accom- 
panies the oxygen. 

McLeod (Trans., 1889, Iv, 181) comes to tlu' conclusion tliat 
the manganese dioxide attacks the chloratcj, forming potassium 
permanganate and liberating chlorine. Tlio KMnO, decomposes 
by heat into K,Mn(>j, MnCL, and O.,. The KolMnO., is decomposed 
by fresh chlorine into KCl, MnO.j, and so that only a little 
chlorine is evolved and the inanganese dioxide is constantly 
regenerated, if the evolution of chlorine is prevented by the 
addition of sodium carbonate, tlio oxygen is evolved at a much 
higher temperature. McLeod’s theory of tlie action then is 
purely chemical. < ^ 

Kcterencc is made in McLeod’s paper to work done by Baudri- 
inont (Joiuii, Pharm, [4] xiv, 1871, 81, 161). This chemist has 
investigated the action of a number of oxides on poUissium chlorate, 
notably manganese dioxide in various conditions, ferric oxide, and 
copper oxide, the temperature* of evolution and the amount of 
chlorine evolvinl ‘being noticed in eacli case. Jlaudrimont looks 
upon the action of manganese dioxide as being diiforcnt from iui 
ordinary chemical reaction, and speaks of it as an action by 
contact or presence, or as a catalytic action similar to tlie action 
of silver or platinum, silver oxide, or manganese dioxide on 
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hydrogen peroxide. It should be mentioned that in a discussion 
on Baiidriinont's paper {loc. ciL, 130), Jungfleisch puts forward 
much the same view of the action as McLeod, and draws attention 
to the formation of potassium permanganate by projection of man- 
ganese dioxide into fused chlorate. 

Warren {Chem. News Iviii, 247) comes to the conclusion that 
only those oxides are active which are capable of forming higher 
oxides. He also believes that the evolution of chlorine may be 
due to the formation of a manganato in the case of manganese 
dioxide. 

Veley (Phil. Trans., 1888 [IJ, 271) draws attention to the 
action of finely-divided particles in promoting the evolution of 
gases from liquids, and considers the action of manganese dioxide 
upon potassium chlorate to bo duo (1) to the finely-divided state 
of the manganese dioxide; (2) to the chemical interaction between 
it and the chlorate. 

Finally, Simng and Prost (Buli Soc. Chinu, 1889, 340-342) have 
heated the chlorates of several metals in porcelain and platinum 
vessels in presence of carbon dioxide', silica, and phosphorus pent- 
oxide. 

They consider that the evolution of oxygen is an indirect 
phenomenon, the chlorate first splitting up into M.P + CbO^. The 
CIA yields Cl, f 0, when we liave M,0 + CL-2MCl + 0. The 
reaction is inoomplete if the chlorine is carried away by the violence 
of the reaction, or if the base forms a salt on which the chlorine 
has no action. A strong base (ICO for example) may oxidise the 
CljOft, a perchlorate being formed. 

From the foregoing summary of the work which has been done 
in this direction, it is sufijciently evident ti?at no simple inter- 
pfetatioM is to be expected of the reaction which takes place 
during tlio decomposition of potassium chlorate, and its character 
is manifestly largely inliuenced by the presence of other bodies. 

Our object in tliis work lias been to examine systematically 
the influence of the chief metallic oxides and certain unstable 
salts on the decomposition of potassium chlorate ^ We have deter- 
mined in each case the temperature at which oxygen is evolved, 
the amount of chlorine given oil, and the composition of the 
residue after heating. These results varied with the acid or basic 
character of the oxide, with its physical condition, and witli the 
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relative masses of oxide and chlorate, and by comparison of 
the data thus obtained we have sought to arrive at a general 
explanation of the action, not only of manganese dioxide, but 
of other oxides which are effective in promoting the decom- 
position of potassium chlorate (cither with or without evolution 
of oxygfen). 

Descbiption -of Apparatus. 

The apparatus employed consisted of a 'jhoet-iron cylinder, 
acting as an air bath, 9 inches in height and in diameter. The 
lid was loose, and tlic bottom riveted on ; in the movable lid were 
two circular holes at equal distances from the sides and centre. 
One of these was for the air tlKumiometer, a small glass bulb and 
tube of 30 c.c. capacity attached to a glass tube bent twice at 
right angles, and terminating in a manometer tube cdhtaining 
mercury. This was graduated by a mercurial thermometer up to 
280’; the higher temperatures being calculated afterwards. It is 
probable that these values are somewhat too high ; the numbers, 
however, are cojiiparable among themselves, which is sufficient 
for the object wc had in view. The other aperture in the lid 
admitted the chlorate bulb, to wliich was attached, by thick india- 
rubber, a long glass delivery tube, the gases beiiig passed before 
collection through a solution of potassium iodide. Both bulbs 
reached to the centre of the cylinder. Two large Bunsen lamps 
were used, the flames of which surrounded the whole apparatus. 
Of course all care was taken to insure that the same conditions, 
as nearly as possible, obtained throughout the series of experi- 
ments, as to lieating arrangements, strengtli of potassium iodide 
solution, character uf potassium chlorate used, &c. Indeed, with 
regard to the latter point, more than a pound of potassium 
chlorate was freed from chloride and other impurities, and finally 
reorystallised ; this served for the whole of the series of experi- 
ments. 

In the following experiments, statements regarding the amount 
of chlorine given off are expressed approximately in terms of the 
quantity evolved when one part of manganese dioxide is mixed 
with three parts of poiassium chlorate. Ji'iXact quantitative 
measurements were not made, a rough comparison appearing 
sufficient for our purpose. 
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Oxides of Antimony, Tungsten, Uranium, and Vanadium. 

The results of experiments with these oxides are summarised 
in the following table. The temperatures given in these and other 
experiments are those at which a moderately brisk evolution of 
oxygen began to take place. 


I. 

II. 

III. 

Relative 

IV. 

V. ! 

No. of 

Formula 

rifasfics of 

Tempera' 


oxpt. 

of oxide. 

oxide and 
chlorate. 

turo. 

Remarks. i 

i 

63 

SbaOij 

1 : 2 

340" 

Large quantity of chlorine in each i 

64 


2 : 1 

430 

case. On treating residue with j 

65 

*' 

3 : 1 

440 

hot water and filtering, potassium 
antimonato found in filtrate. | 

9‘J 


1 ; 2 

390 

Largo quantity of chlorine evolved. ! 

93 

i 

11 

i 

2 : 1 

390 

1 

1 Reddish-yellow residue dissolving ! 
j to yellow solution of potassium j 




1 

uranato. 1 

110 

wo. 

1 : 2 

260 I 

Not so much chlorine as with V20r,. ; 

1 

1 



j 

i l*otassium tungstate found in 1 

’ 1 

i 

1 



i residue. ’ i 

! ' 

109 

v,9. 

1 : 2 

150—170 

; 

i Large quantity of chlorine. Rod- ! 

1 


1 

1 colonri'd residne soluhlo in water j 

j 

1 

1 

1 


i 

! 

to golden -coloured solution of j 

1 metavanadato. ! 

! ! 


It will be noticed that the temperature of evolution is low^er, 

the more acid the oxide. * 

« 

It may be mentioned here that the slightest trace of an acid 
(such as nitric) is sullicient to Ineak. pp tlie chlorate at a low tem- 
perature ; for instance, bismuth sesquioxidc^has little action on 
potassium chlorate. From a mixture of 2 grams chlorate with 
0*75 BuOn and 0*25 Bi(N 03 );», oxygen is evolved quickly at 300'’, 
together with chlorine. The action of nitric acid on the chlorate 
Will of course ))e complicated. 

Again, titanium dioxide containing a slight trace of sulphuric 
acid brings off the oxygen at a low temperature, whilst the pure 
oxide has but little action. 
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Oxides of Aluminium, Silicon, and Tin. 


I. 

II. 

III. 

IV. 

V. 

20 

’ Alp.i 

1 : 2 

400' 

4 units chlorine evolvctl. 

42 

biO.2 

1 : 2 

400 

4 units chlorine. 

95 

SnO.^ 

1 : 2 

470 

j. unit chlorin^o. i 


It will be seen that alumina and silica agree very closely in 
their properties (compare Mills, On the Action of Oxides on 
Salts,” Jonrn. Chevi. Soc.y 1879, ii, 33G). On extracting the 
residue, after heating, witli water, an alkaline solution aivs 
obtained in both cases. * 

In the case of tin oxide, only a very small trace of tin could he 
dissolved out on treating the bulb contents with water, and the 
solution was not alkaline. Tin oxide, hoNvevei-, as is seen .from the 
table, is not specially active. In tliis case the tin oxide us(?.(l was 
prepared in the dry way, as it was found diiUcult to free the 
precipitated oxide from nitric acid. The groatei* activity of the 
precipitated oxide appeared to be partly due to this cause ; after 
ignition it is not so active. 

We may conclude that these oxides act upon the cliloratc in 
the same manner as those of the last class. Tlicy are loss active, 
however, according as the attraction between the oxide and K^O 
is weaker. 

Sesquioxides of Chuomiu.^i, Antimony, and Aksenic. 

With regard to tliese oxides there is not much further tobc 
said. With all of tliom oxidation takes place, accompanied in the 
case of antimony and arsenic oxides by incandescence. Chromate, 
antimonate, and arjenate of potassium arc formed. Chlorine is 
evolved ill each I’caction, most copiously in that produced by 
chromium sesquioxidc. 

Oxides of Manganese, Ikon, Nickel, Coualt, and Coppek. 

The monoxides of iron, nickel, cobalt, and manganese, aiid the 
suboxidcs of copper, are oxidised by the chlorate with explosive 
rapidity, a great rise of temperature taking place. 



202 


a. J. FOWLEB AND J. GRANT. 


The reaction which is brought about by manganese dioxide has 
already been discussed. We may jnentioii that at the outset of 
our experinionts wc noticed the pink colour of the permanganate 
produced when a trace of manganese dioxide is fused with the 
chlorate. 

What takes place in the case of the higher oxides’ of iron, 
cobalt, nickel, and copper, it is difficult directly to determine. 
The close agreement of their mode of action with that of man- 
ganese dioxide seems to point to an analogous reaction taking 
place. Higher oxides would seem to be formed in all cases ; 
these combine witli the K.j,0 to form unstable compounds which 
are broken up like the permanganate in the case of manganese 
dioxide. 

The following table gives the results of some of the experiments 
rna^^e with manganese diojcide : — 


1 . 1 ir. 

in. i IV. 

Cl evolved. 

llemarks. 

MnU.. 

i : ;i7o 
• 

unit 

With 2 and 3 there was a 

♦> ! »» 

1:1 ■ ,‘33() 

less 

rush of gas. 

0 

! 1 : (» ; 340 

(same as 3) 

f 

In 6, 7, and 8 tlie same 


! 1 1 

1 • It 


oxide was used. Pow- 


1 . 1) 040 1 

! ' i 

1 

dered pyrolusite was 

8 

1 l’;(; 340 

j 

made use of. 

4| .. 

i 1:8 300 

; ! 

j (loss than above) 



The results show that the temperature of initial action is 
altered to some extent by variations in the x'atio of oxide to 
cliloratc. There is a certain ratio, however, which produces the 
most regular evolution of oxygen, this being one part manganese 
dioxide to six^ parts chlorate, with which there is a rapid and 
regular, evolution at 340’^ to* 360"^. With smaller quantities of 
chlorate in proportion to the manganese, there is apt to be a rush 
of gas. « 

• If the temjjei'ature be quickly raised, clilorine comes off more 
abun\lantly (se'ej Warren, Gham. News Iviii, p. 247, Nov., 1888), 
apparently because the equilibrium is disturbed, there not being 
snfiicient time for the chlorine to decompose the manganato. 
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The following are the results of some of the experiments made 
with /crr/c oxide : — * 


I. 

II. 

% 

III. 

IV. 

Units of Cl 
evolved. 

llcmarks. 

■ 

7‘J 

FeA 

1 : (i 

:m‘ 

•3< 

Very rajjid evolution. 

10 


1:2 

■ 440 

, •> 

I 

1 Rapid evolution. | 

12 


2: 1 I 

2.S0 

1 

i i 

1 

' U y M ! 

m 

Fe,(OH), 

1 : 1 . 1 

;jso ! 

much less 

1 i 

1 Steady evolution, loss rapid, j 


i 


With ferric oxide nioie chlorine is evolved, and under certain 
conditions the oxygen comes off at a low(ir temperature tlia/i with 
manganese dioxide. In ex])erinient 12, where this is l[.e c^e, 
the oxide liad been previously used ; tliis seems to improve rather 
than diminislv its activity. 

The relative masses of oxide and clilorate and the presence 
of water of hydration both have considerable influence* on the 
temperature of evolution, and on the quantity of chlorine given 
off. If sodium carbonate is added to the mixture of ferric oxide 
and clilorate, the temperature at wliich the oxygon is evolved is 
greatly increased as in the case of manganese dioxide. 

The sesquioxides of cobalt and nickel resemble e/ieh other in 
their action very closely. The teripcraturo of evolution is lower 
than with manganese dioxide and ferric oxide. With one part of 
C 02 O 3 to two parts of chlorate, a rush of gas took place at 250". 
Less chlorine is given off than is tlie case with ferric oxide. 

With cupric ox/’(/(;alI the gas apiiears to come off with a rush 
at one particular tenipcfature. Very little chlorine is evolvifd. 
In experiment 32, for example, one part of cupric oxide, previously 
used, was mixed with two of chlorate. At 350 ^110 gas was coming 
over ; at 3b0‘^ it all *camc over with a rash, very little chlorine 
being evolved. • , 

Baudrimonb (ioc. cit.) noticed that with cupric oxide the 
evolution of oxygen is accompanied by a rise of temperature, 
which seems to point to the breaking up of sonic compound 
formed witli absorption of heat. Sodium carbonate in this case 
also checks the evolution of oxygen. 
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Oxides of Mercury, Silver, Lead, Barium, and Calcium. 

Some interesting results were obtained with the above, oxides. 
After heating each of them witli potassium chlorate for a con- 
siderable time at a high temiierature (about 500'^), no gas (or only 
a mere trace) was evolved. The contents of the heating bulb 
were treated with boiling water, tiltered, and both residue and 
filtrate examined. The filtrate in all cases contained potassium 
perchlorate. 

Mercuric Oxixlii . — On healing mercuric oxide alone at 360° (in 
mercury vapour), it underwent no cliangcn On mixing it with 
chlorate, however, and heating at . the same temperature, a subli- 
mate of metallic mercury was formed on tlie sides of the heating 
tube, and there was a slight loss of oxygen from the mixture. On 
dissolving the residue in water and filtering, potassium pc'rchloratc 
was" found in solution, and on passing snlphiiretted hydrogen, 
sulphide of mercury was precipitated, showing that some mercuric 
chloride had been formed in the reaction. 

Oxide of Silver . — Altliougli the mixture of silver oxide and 
chlorate was heated for considerably over an hour at a tem- 
perature far above that at which silver oxide decomposes (270’ — 
28O'0» evolution of gas took place. Oii treating the contents 
of the bulb with hot water and fjlterhig, pure silver was left 
behind, and the filtrate contained largo quantities of potassium 
perchlorate. * 

Peroxide of Lead . — After the first lieating with chlorate, the 
washed residue is cojn])osed pai’tly of the dioxide and partly of 
red lead. The second heating with fn'sli clilorato did not 
coinpUite the conv(;rsion, but on a thii-d trial the whole of the 
dioxide was transformed into red lead. Totassium perchlorate 
was formed in each case. At a very much liigher temperature 
the rh;,0, became reduced to PbQ. A trace of chlorine was 
evolved in the* above cases. If lead oxide r^s heated with excess 
of chlorate to a moderate temperature, the peroxide is formed, 
also potassium pe}-chlorate, by a back reaction. 

Oxides of Barium and Calcium . — When bariutn dioxide is heated 
with cliloratc; a consideralde quantity of potasshmi pcrclilorate is 
obtained ; the barium dioxide is rc?duccd. The monoxides of 
barium and calcium are oxidised to the peroxides, potassium 
perchlorate being still formed by a reverse action, but in smaller 
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quantity than when the dioxido is used to be^iii witli. In the 
case of barium dioxide, tfio toinperatiiro emijloyed inlluonces the 
quantity of porclilorate formed. Thus at 350 ' (morcnry vapour) 
more perchlorate is formed than at 448 ’ (sulpliiii; vapour). 

The influenco of certain salts on the decomposition of the 
chlorate 1\iay be mentioned iiero as being of interest in connection 
with the foregoing experiments. 


Permanganates of Potassiitm and Silver. 


I. 

ii. 

III. 

IV. 

V. 

i K cm arks. 

60 

KMnO, 

* 

1 : ‘2 : 

070 

nil 

: Very rapid evolution. 

C7 

1 

2:1 

:i(;o 

unit 

; Rapid evolution. 

1 

GO 

Ag'MnO.i. 

1 : 2 

500 

traco 

j \'(iry rapid cvo>uiioi’.ii. 

70 

i 

•1 

2:1 

400 

trace 

Rapid evolution. 


The explanation of the action of the permanganates of potassium 
and silver is, no doubt, that at tlic high temperature the pei’inan- 
ganates decompose, according to the following equations : — 
2KMnO, lv,I^T 1)0,1+ MnO,+ O,, 
AgMD0,r.:Ag4-]\In0>+0,. 

Tlie manganese dioxide then acts in the iiianiier already 
described, but no clilojine is tjvolved, owing to its 'combination 
with potassium and silver. 

Potassium Dichromate. 

When potassium dicliromate and potassium chlorate are heated 
togetlier, the mixturii first fuses, then gives off oxygen, without 
chlorine, accompanied by a great deal of frothing. Tlie dichromate 
appears to suffer no change, except at a very higli temjierature, 
when a certain amount of chromate and perchlorate of potassium 
is obtained, 

* PoTAssiujj* Nitrate. 

On heating a ntixture of potassium nitrate and chlorate, both 
oxygen and chlorine came over slowly. When tlie t^jnq^eraturc is 
raised to dull redness, gas was evolved rapidly with much frotliing. 
The residue left, after heating at this temperature for some time, 
contained a considerable amount of potassium nitrite. 
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From the foregoing experiments, it sefins probable that, in all 
the cases considered, the influence of the oxide upon the# decom- 
position of the chlorate is largely chemical, although, in some 
cases, physical causes help to bring about the result (Veley, 
loc, cit,). 

The mode in which the chemical action proceeds depends upon 
several factors : 

The aflinity of the oxide for K^O 

O 

V I » 1 » 11 

.. „ 0 + K,0 

The aflinity of the chlorate for 0* 

It will be readily seen that the problem is a complicated one. 
It is very difllcult in many cases to determine tlie exact course of 
the reaction, as more than one change may take place at once. 

■ Ihe' above generalisations are illustrated by the; following 
summary of our results : — 

1. Acid oxides, such as V^O.., ILOs, WO., evolve oxygen at a 
reduced »ten\perature, a metavanadate, uranate, or tungstate being 
formed. (3hlorine is evolved, in these cases, in Umje quantity. 
The whole of the oxygen of the chlorate is not evolved, the com- 
pound of K.jO with the oxide not being decomposcKl by heat or by 
chlorine. Here it is evident that a leading factor in bringing about 
the reaction is the aflinity of the oxide for K.O. 

2. Alumina probably acts like the above oxides, but less ener- 
getically, the attraction between the l\.jO and Al^Clj not being so 
great. 

3. In the case of chromium sesquioxido the oxygen comes ofl* 
at a reduced temperature, accompanied by chlorine. The reaction 
would seem to be brought about here by the aflinity of the CraOj 
for O, and the aflinity of the CrO;, thus formed for KX). 

4. In the case of the sesquioxides^ of iron, cobalt, and nickel, 
cupric oxide, a*nd manganese dioxide, oxygen is evolved at a com- 
I)aratively lo\v temperature, accon\panied l>y only a little cldorine ; 
the oxide is left but little Jiltered* at the end of the experiment. 
Here it is probable that an unstable equilibrlam is produced, 
resulting in tlvB decomposition of the chlorate. 

Accei)ting McLeod’s theory of the action of manganese dioxide 
(which is fully in harmony with our own results), it would seem 
that manganese dioxide acts, to begin with, by reason of its 
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affinity for oxygen and tlie affinity of thehigliei’ oxide thus fonued 
for KoO. .The permanganate first formed, lioweviu’, is unstable 
(here there is a diffei-encc between tlie oxides of this class and 
those of the preceding); it splits up on lieating into 
+ Mn0.j+Oj. The KoMnOj is decoiiiposed by the fresh chlorine 
which is liberated (Spring and Prost, loc. citi) into KOI and MnO.^, 
which is thus regenerated. Tlio addition of sodium carbonate 
retards the evolution of oxygen, jirobably because the nianganate 
is thereb}^ rendered more stable. 

Tlie action of the other oxides of this class can, we believe, be 
explained in a manner similar to that of manganese dioxide. 

5. The oxides of barium, calcium, and lead cause no evolution 
of oxygen when heated with chlorate, but tlu^ latter breaks up 
below^ its normal temperature of decomposition, potassium chloride 

.ft 

"^ and a peroxide being formed. Here the affinity of tlie o^cide-fcr 
oxygen brings about the change. 

6. On the other hand, potassium chlorate may act as a 

reducing agent in the presence of such oxides as silver oxide and 
the peroxides of barium and lead, a perchlorate being formed. 
No oxygen is evolved. Here the reaction is brouglit about by the 
affinity of the chlorate for oxygen. In the case of the oxides of 
calcium, barium, and lead, the extent to which tlie (jhlorate is 
oxidised or reduced evidently depends on the masses of the 
reacting substances, * 

7. We have found that water of hydration diminishes the 
activity of an oxide. 

8. The physical condition of the oxide is of influence {see 
Wriglit and Luff, /. Chem. Soc,, 1878, p, 1). Coppeir oxide, pre- 
pared ill the dry way^ is almost inactive, 

9. Certain bodies, which apparently undergo no chemical 
change whatever, yet assist the reaction, as powdered glass, sand, 
kaolin. 

In this case the action of fine particles (5<3(3 Vehyy, loc. cit.) is 
of influence, as it was found that the above-mentioned bodies lost 
their activity to large extent when the more finely-divided 
particles were washed out. ^ 

10. Certain oxides, such as those of zinc and magnesium'; are 
completely inactive. 



SOME EXPERIMENTS. ON THE VOLATILITY OF 
ANTIMONY AND ARSENIC IN DIFFERENT 
GASES. 

By G. J. Fowler, M.Rc., and L. St. G. Byne. 

W HEN testing for arsenic and antinion}' by Marsli’s method, 
it was Requently noticed that if the mirror produced by 
heating the tube attached to the hydrogen evolution flask was 
sliglit, it, quickly disappeared on removal of the flame. It seemed 
possible that this was duo to a re-corabination of the arsenic or 
antimony with the hydi'Ogen, a direct union comy)arable to the 
formation of hydrogen sulphide by passing hydrogen over heated 
sulphur. 

The following experiments were made to determine whether 
direct combination does or does not take ydace between hydrogen 
and ai'senic or antimony under the above conditions. Towards 
one end of each of a number of hard glass tubes (about 5 mms. in 
diameter and 30 cms. long) a good mirror of either antimony or 
arsenic was deposited. A tube containing an antimony mirror 
^Yas connected (by the end nearest the mirror) to a flask evolving 
hydrogen (previously tested for freedom from antimony or arsenic). 
The mirror was heated, and also a pgrtion of the tube about six 
inches further &way from the hydrogen apparatus. A faint mirror 
was formed at the sc^cond point of lieating, a stain being also 
produced on a porcelain lid lielrt in the flame of the escaping 
hydrogen. On heating this stain with a drdp of ammonium 
sulphide, the ^orange sulphide of antimony was formed. This 
stain\vas only obtained when the mirror on the tube was heated, 
and ceased also after a time w'hen the miiTov appeared to become 
fused into the glass. 



THE VOLATILITY OF ANTIMONY AND ARSENIC. 


209 


This experiment favoured the supposition that direct com- 
bination had taken place ’between the hydrogen an<l antimony, 
the temperature of combination bein;; near to tlie temperature of 
decomposition of the. hydride former 1. Similar experinuints with 
other gases, point, however, to its being entirely a mechanical 
jihenomenOm In dry carl) 0 ]i dioxide a slight film of oxide of 
antimony was deposited close to the second llame. The same 
result took place in a current of- carbon monoxide which bad 
passed through alkaline pyrogallate and strong sulphuric acid. A 
stain of antimony was produced on a porcelain' lid held in the 
llame of carbonic oxide, hurning at the end of the tube. 

A mirror of arsenic was heated in a current of hydrogen and 
also of carbon dioxide, and similar results were obtained to those 
alrciady described. Tlie second deposit, however, was larger in 
lihe case of arsenic. It was also noted that a faint deposition’ 
arsenic took place all along the tube between the two points of 
heating, the deposit appearing to accumulate in front of the 
second flame. This was especially notic(jable on cooling the 
space between the two points of heating. This phenomenon 
was characteristic of other volatile snhstaiices, pjj ., ammonium 
chloride, arsenic, sesquioxide, and benzoic acid similarly heated 
in a stream of carbon dioxide. In the case of antimony and 
antimony sesquioxide, howevei*, this thin lilm between tlie two 
points of heating could not be discovered. It is probable that the 
deposition takes place in a similar maimer in all these cases; but 
the amount of deposit being smaller in the case of antimony, the 
intermediate film cannot be seen. 

Further experiments pointing to the purely mechanical nature 
of the phenomenon ar«?, as follows : A tube similar to those alreaily 
described was bent at one end iiUo a U, and an arsenic mirrol^ 
deposited in tlie bend; a current of pure hydrogen was passed 
through the tube while the U and the contained minor were 
gradually heated in a bath of calcium ^chloride. A portion of the 
tube beyond the U ^^as heated iji a Bunsen flame. When the 
bath reached a temperature between IfiO * and 170- (J., a deposit 
was formed just beyond the red-hot spot. This Npiay be takeu^ 
roughly to represent the temperature at which arsenic volatilises 
in a stream of hydrogen. On passing the hydrogen from the 
gradually-heated tube' into a strong solution of silver nitrate for 



210 


O. .1, FOWT.ER AND D. ST. G. HYNE. 


some time, and testing carefully afterwards for arsenions acid, 
none, or the merest trace, could be found, showing that arsenic 
hydride was not formed under these conditions. 

Finally, the mirrors were heated in a stream^of pure nitrogen, 
obtained by the inter-action of copper, ammonia solution, and 
air, and subsequent \vashing of the gas successively’ in dilute 
sulphuric acid, cliromoiis chloride, caustic soda, and strong sul- 
phuric acid. Precisely similar results were obtained on lieating a 
second portion of the tube, A black deposit of antimony took 
place, and also of arsenic, and in the latter case the escaping gas 
possessed a strong garlic odour. 

Under the conditions of these experiments it may be therefore 
concluded that no direct combination of hydrogen with arsenic or 
antimony occurs. 



THE BEHAVIOUR OE THE MORE STABTiE OXIDES AT 
HIGH TEMPERATURES: CUPRIC OXIDE. 

By G. H. Bailey, D.Sc., Pli.D., and W. B. Hopkins. 

(From lUe Journal of the CMmical Society.) 

« 

mir. * 

TpROM a number of statements whicb occur in works on rnetal- 
lurgy, and observations made on changes wliich take place 
when cupric oxide is exposed to high teinpei'atures, it; is quite 
evident that under such circumstances there is a loss of oxygen. 
In most cases the observer has contented himself with stating 
that the product obtained is cuprous oxide, without giving the 
grounds on which this conclusion is based. On the Qthcr hand, 
however, there exist records of experiments in which the con- 
ditions of working and the products obtained 'are carefully 
descri])ed, and it will be of interest in regard to the results 
arrived at by us to give a brief rhumc of the investigations which 
have been made on the louver oxides of copper. The earliest of 
these apj^eared in 1845 {Compt, Raid, xviii, 858), when Favre and 
Maumene, by heating cupric oxide at tlie temperature of melting 
copper, obtained a dark-colourecl substance having tlie co?nposition 
CUiO;,. Although oxygen was given off freely at this temperature, 
it was taken up again at a cherry-red heat. * 

Vogel and Reischauer {Jahresh,^ Chcm.y 1859, 210) obtained 
cuprous oxide by heating cupric oxide, and Marchand {J, yr. 
Cheni. XX, 505) fohnd that on exposing cupric oxide in a mulUe 
for half an hour at a wdiite heat, and then for eight hours at a 
dull red heat, tho product remaining had the coinpositiou OuaO. 

Without mentioning the many well-known reactions in which 
cuprous oxide is formed, it may be remarked that Gladstone and 
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Tribe (Chem, News xxv, 193) observotl it as a yellow coating when 
a copper-silver couple was placed in a solution of niti ate of copper. 
The hydrated oxides prepart^d by Siewert (ZeitschriJI fiir Chcinic^ 
186(), 3(>8), Cuu(.)./2TT.X) and and the tetraiitoxide, Cu.X) 

(hydrated), of Rose (.I 7 / 7 /. Chhn. Phys. c\x, 1) must also* be ineji- 
tioned. 

With the exception of Jh:)se's oxide, all these may be classified 
on the assiiiiiption that they are derivati\'es of cnproiis and cupric 


oxides : — ^ * 

Rose’s oxide (’uiO. 

(hiproiis oxide (’u.^O (and ciiprih;). 

Favre and Maninene’s oxide ... 2(hi,.0,(!u0. 

Siewert’s oxide (a) (mX),Cu0,2II,.0, 

„ „ (b) Cii,0,2fhiO,oIU). 


4K.at tnproiis oxide is obtained when cupric oxide is exposed 
in an oxidising atmosphere at a moderate tomperatiiro seems 
pretty conchisiv(dy shown. 

Our object at the outset of this investigation was to (examine 
whether cuprous oxide is tlie ultimate product when ciipi ic oxide 
is exposed to high temperatures, or wliother by using higher 
temperatures a further loss of oxygen took place. 

Method of Expekimext. 

Finely po\vdercd cupric oxide was exposed to a white heat in 
a Fletcher injectoi’ furnace, caixv being taken to preserve an oxidis- 
ing atmosphere during the course of tlm experiment. At the 
ternperatuie used, fije-clay crucibles wore attacked by the copper 
oxide with the formation of a fusible slag, so that in most of the 
experiments recorded in this papei' recourse was liad to lime 
crucibles. As the temperature rcjse the oxide fused, and then 
bubbles of gas were seen to come oiT beely, the heating being 
continued — at least, so long as there appeared to be any gas 
given olf. , * 

On cooling, a yellowish-red iryiss was obtflined hard enough 
to scratch glass quite easily, and having the sp. gr, 3*81. A thin 
lil\a of black oxide with which it was coated (and which evidently 
forim^/l during *che process of cooling down) was removed, though, 
indeed, it was so thin that it could hardly have affected the 
analytical determinations. * 
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Analysis of PrtonircT. 

The finely powdered oxide was analysed by reduction in a 
stream of dry liydrof'cn, th(j water wliieh was formed being* 
absorVjcd in a calcium chloride tube in the usual manner, whilst 
tho weight of copper remaining in the boat afforded a check on 
the results. 

Several exporinients wonr made, the time during which the 
oxide was exposed varying from cn'i to three hours, in all cases 
the product obtained had the same properties and composition, 
the percentage of oxygen being always found to fall between 7 
and 8 per cent. 

A larger quantity was now prepared, the central portion of 
which was taken for analysis, so as to be sure that no parti cle.> of 
lime had found their way into it. The results of tlm afta!ysis 
were as follow : — 

Substance taken 0*615 gram. 

Water obtained 0 0585 ,, , 

Copper ,, 0*568 ,, 

Copper (by difference) 0*5655 ,, 

The perceijtage composition calculated from these numbers 

agrees well with that required for Cu.-jO: 

Found. Calculated. 

Copper 92*36 • 92*23 

Oxygen 7*73 7*77 

For the sake of comparison, it may be stated that tho oxides 
Cu^O and CutO contain 11*22 and 5*94 per cent, of oxygen 
respectively. 

Although every* care was taken to preserve an oxidising atmo- 
sphere in the furnace, further proof was deemed desirable tliat the 
loss of oxygen was not due to reducing action of tlio fiame. A 
piece of hard limij was therefore hollowed out, ‘and in this the 
oxide was exposed to tlie oxy-hydrogen or rather oxy-coal-gas 
flame, in such a way tliat only'tlu* extreme point of tlie oxidising 
flame was allowed to play upon it. Fusion took place as before, 
and gas was observed to be given off; wlnm the qvolution of ‘gas 
had ceased the mass was allowed to cool. The product* in all 
respects resembled that obtained in the Fletcher furnace, and 
where it came in contact with tlie lime there was formed a bright 
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vermilion coating which consisted of limp and a lower oxide of 
copper, but which was not further examined. The results, of two 


4 determinations w'ere: — 

1 . 

II. 

Substance taken 

.. 0-564 

0-49-4 

Water obtained 

.. 0-045 

0-042* 

Copper ,, 

.. 0-524 

0-457 

Copper (by difference) 

.. 0-524 

0-456 

We have thus: — 



X 

* I. 

II. 

Calculated. 

Copper 92*90 

92-51 

92-23 

Oxygen 7-09 

7-55 

7-77 


The results of the analysis show that the product obtained at 
the higher temperature is substantially the same as that obtained 
at tile lower, and that it therefore maintains a constant composi- 
tion within a fairly wide range of teinperature, the limits of which 
we consider are approximately 1»500‘^ and 2000'^ C.; at any rate 
platinum ,, readily fuses at the higher teinperature used. From 
this it appears that as the oxides of smaller stability give- up 
oxygen at moderate temperatures, so the more stable oxides, such 
as oxide of copper, are transformed into lower oxides at higher 
temperatures without the intervention of any reducing agent, 
Furthennore, as the evidence of several experimenters seems 
conclusive tluic cuprous oxide is obtained when a dull-red heat is 
used, there is — especially if wc include Eosc's oxide — an indication 
that the points of stability occur at definite stages in the process 
of transformation into the lower oxide, since, we have the series 
CU 4 O, Cu;^0, CilO, CuO. Ami although our object in this research 
is rather to accentuate the behaviour of oxidG 43 when exposed to 
higli temperatures, it does seem as though suhicient evidence 
existed for the assumption that Cu ;,0 may be regarded as a definite 
oxide of coppei; especially when its properties as given below are 
taken into consideration. * 

r 

Action of Reagents on CuaO.* 

'Even when ^’educed to the finest state of division in an agate 
mortar, the oxide is entirely unacted on by concentrated (or dilute) 
mineral acids ; even aqua regia and boiling concentrated sulphuric 
acid are without action. Hydrofluoric acid, however, slowly 
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attacks it with the formation of a blue, crystalline fluondc of 
copper \vhicli has not been further examined. The only method 
by which we were able to bring the oxide into solution for the 
purpose of confiniiing the analysis by an entirely different process, 
was to fu^e it with caustic potash, in wdiicli it dissolved with a 
blue colour, and from wliich it separated again on the addition of 
water in flocculent, browm particles. This, dissolved in sulphurie 
acid and titrated with potassium permanganate, was found to 
contain 9*8 per cent, of oxygen, a result falijng about midway 
bet^veen Cu;jO and CuaO; it was, however, to bo expected that 
some oxidation would take place in the process of fusion and 
extraction witli \vater; in spite of this, however, tlio product 
contained less oxygen than Cil.O. 

It would be interesting to analyse a number of samples of 
native cuprite in ortler to see if they yielded any ind^^atifirii of 
exposure to temperatures such as were used in these experiments. 
We arc continuing tlic work and proceeding with the examination 
of other oxides, and have indeed already obtained ovich'.pcc tliat 
litharge, sesquioxido of bismuth, and vaiiadic acid lose oxygen in 
the same way as elixir ic oxide. 



A PEROXIDE OF TITANIUM. 

By G. H. 13A1UKV, D.Bc., Ph.D., and E. Dowson. 

W HEN liydro^^cn peroxide is added to a solution of titanic 
acid in dilute sulphuric acid a icddish-yollow colouration 
is produ^'xl, the intensity of which is propoj’tional to the amount 
of hydrogen peroxide added or to the amount of titanic acid 
present in the solution {Widley. Bcr. xv, 2o92). Piecini has 
further * shown tliat when such a solution, which he 2 »‘<^‘pat’Gd, 
however, by the addition of 2 )croxido of barium, was treated with 
alcoholic jpotash, a yellow 2 )reciijitato was obtained. The com- 
position of this precipitate varied b(‘.tween Ti. 50 .i and Ti,-,Oii, and 
his analyses gave evidence of the series : — 

d TiO,.TiO,-Ti,0„ 

3 TiO., . TiO,r:.TiA 

2 TiO., . Ti0,-Ti,07 
TiO, . TiO^-TiA 

He was also led to conclude from an examination of the 
reddish-yellow liquid that the oxide TiO^ existed in the solution. 

^ Some time ago in this laboratgry we re 2 :)ea.ted the experiments, 
worki)ig both with freshly jn’ecipitatcd peroxide of barium and 
with liydrogen {)eroxide. A deep rod liquid was obtained which 
resembled in ‘appearance a solution of chromic acid. This was 
diliited with twice its volume of alcohol, and then a strong solution 
of potash in alcohol was added, the precipitation being conducted 
in three or four fractions and hltenjd of! seijaratcly. The precipi- 
tates were oia yellow colour, the Jiiiddle fractions being of a briglit 
orange. When treated immediately, the precipitate so obtained 
was soluble in water, and it was therefore \\aslied several times 
with alcohol to remove water and any excess of hydrogen peroxide, 
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and finally the alcoh<^l was removed by washing with ether. The 

analysis was made V)y two different metiiods. Either the moist 

oxide was distilled with hydrochloric acid and the chloriiie 

liberated was lueasurod by ascertaining tlie amount of iodine^ 
* 

\vhic}; it liberated from a solution of potassium iodide, or, the 
oxide was dissolved in water and treated with potassium permaji- 
ganate to determine the ad^litional oxygen; in both (5ascs tlic 
titanic acid \vas estimated by precipitation with ammonia. The 
results obtained are given in the followfiig tabic; water of 


hydration being neglected : — 



TH).,. 

o. 

(1-) 

•0105 

■0021 grams. . 

(2.) 

•0150 

-0020fi „ 

(3.) 

■011)0 

•0033 

(.I.)' 

•0200 

•00422 , ** • 

t.r>.y 

•0-2a3 

•00397 

The percentage 

composition of the products calculated from 

these reBultfi was 

- 

• 

('•) 

(2.) 

(3.) (1.) (5.) 

Tit), 8:3 -:j;5 

83-52 

82-01 87'G3 85-4 1 

0 .Ki-fit) 

lG-18 

1700 12-37 14 56 


Calculating for TiyO^, and TiO,, wa obtain — 

For riP:„ For TiO.,. 

TiO, 90*91 83*33 

O 9*0!) 1()*60 

The oxide had therefore the composition TiO.-,. Thus, titanium, 
like other members of this group, forms a tolerably stable peroxide 
which is solublet in water and gives rise to a deep red solution, 
and in these respe^Sts exhibits analogies to chromium. • 

All the members of tliis family have yicildcd trioxides, and the 
qiiestion naturally arises, will carbon also yield a trioxide? At 
the suggestion ot^ I\Ir. R. S. Dale, barium pdroxidc was sus- 
pended in water and the water charged with carbon dioxide 
under high pressure, and leftf in this state for some days. On 
opening the bottles it w^as found that the pressure had diminisluid 
considerably. Moreover, the clear liquid decaiUe<J off and evapo- 

* No. 4 was air-dried and No. .5 was partially dried, the. remainder being 
anal 3 \sect in tbu moist state. 

t An insoluble modiliration is formed if the precipitate is allowed to stand. 
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rated in vacuo or left to stand for several w^.eks deposited crystals 
which differed in their reactions from barium carbonate, whilst 
they also liberated iodine from a solution of potassium iodide. 
The reaction was not due to free hydrogen peroxide, for no 
reaction occurred until the liquid was warmed. 

The observations point to the existence of such a body as 
BaC 04 , though as yet the crystals have not been obtained in 
sufficient quantity to establish this by means of a gravimetric 
analysis. 

Of course BaCOi Diay be BaO.j . CO. 2 , or it may be BaO . COa. 
It may be remarked also that the same interpretation is possible 
,in the case of the peroxides of this group which are only stable 
in th ', hydrated condition, and may be equally RO;i . 31L>0 or 
IIO 3 • nOo . 21LO. To take the case of zirconiii as an instance, 
the ^xTtles 'lt;e — 

Zr. O, . 211,0 
Zr. Oa . 311,0 

and the latter may equally have the constitution — 

Zr. O , . 11,0, . 2 II 2 O. 


Not K.- “This work was carried out with a view to the isolation o£ tho oxide, 
whose presence in solution luid been suspected by Piccini. It was afterwards 
found that Classen (Bcr. xxi, 370) had just previously obtained an oxide 
evidently idonticiil with ours, This paper therefore servos to confirm liis 
results, and gives some additional information with regard to the preparation 
jand properties of titanium peroxide. 



PERSULPHIDE •OF LEAp. 


By G. J. FowLEit, M.Sc., and Ernest Bury. 

S OME time ago, when testing for lead, a solution of ammonium 
sulpliide was used which had been kept for some ^ime, and 
whicli contained excess of sulphur. A briglit lijemati^*^’ red pre- 
cipitate W'as obtained, which soon took tlie appearance of feiTic 
hydrate, and iinally changed to ordinary black lead sulpliide. 

On referring to Watts’ and other dictionaries, we found that a 
similar substance had been observed by Berzelius, and considered 
by him to be pentasulphido of lead. As we could find no otlicr 
information abowt this body, it seemed of interest to examine it 
further. 

The substance, as already remarked, rapidly loses its colour, 
and yields ordinar}'^ black sulphide of lead ; it was, therefore, not 
possible to obtain a sample in the dry state for analysis. The 
change is not due to the action of the air, as on filtering the 
substance in an atmosphere of coal gas, it took place quite as 
rapidly. However, if the precautions described are taken, it is 
possible to keep the substancq nearly in its original eonditkin 
during tlie time necessary to rapidly wash it by decantation. 

The solution of amnionrun siiljihide is made by boiling the 
ordinary suljdiide with excess of sulphur for about twenty minutes 
or half an liour. The solution obtained is filtered and then diluted 
considerably, and immediately, fieforo sulphur begins to separate 
out, added to an ice-cold dilute solution of lead acetate. The 
latter should be kept in excess. The red precipitate obtained Jhus 
is thoroughly washed by decantation, and the supernatant’ liquid 
poured off as completely as possible. The precipitate is then treated 
in an Erlenmeyer flask with fuming nitric acid, and warmed on a 
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water bath till couipletely dissolved. Af^cr removal of excess of 
nitric acid by evaporation, the sulphate of lead separates out on 
the addition of pure alcohol and water. This was estimated on 
a weighed filter after <lrying at 120“. The sulphuric acid remain- 
ing in the filtrate was precipitated, after boiling off the alf,ohol, by 
barium chloride, and the barium sulphate was dried and weiglied. 

The amount of sulphur in the load sulphate and barium sulphate 
respectively indicates the ratio that exists between the sul[)hur in 
the normal sulphide and the additional sulphur re(iuired to form 
the persulphide. 

The following results wore obtained : — 



Hence 


Samplk a (Bright Red). 

PbSOi obtained - *4805 gram. 
BaSOj :n.-3915 „ 

Ratio.:=.l : 1*07. 
Formula =PbS^. 


Hence 


Samvlu B (Darker than A). 

Wt. of PbSOi obtained --*1545. 

„ BaSOj „ --2790. ‘ 

•Ratio -- 4 * 2’o. 

Formula of siibstanco Plr^Sio. 


SA>rrnK G (Similar to B). 

Wt. of PbSOi obtained: : -1750. 

„ BaSO* „ ==:*3:UiO. 

t 

Ratio -“-1 : 2 7. 

Formula --P,b;sS,i.. 

« 

SAMPiiK .1) (Bright Red)*. 

Wt. of PbS 04 obtained — *52.^0. 
y, BaSO^ ,, — ’0o.l0. 

• Ratio — 1:1*8. 

Formula --PbjS;. 

In no case, it will be seen, does the amount of sulphur found 
correspond with the formula PbS^^, and as samples A and B had 
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certainly best preservecl their appearance, it se.oins that the. red 
precipitate consists of lead disulphide. The existence of an un- 
stiilde disulphide of load analo.i^ous to the conii)aiatively nnstahlo 
dioxide of lead is probable. 

The precise reaction by which it is formed from polysulphide of 
ammonium is not at once apparent. Wo jiroposo to iiivosti*^ato 
this point, and to determine, if possible, with more exactitude the 
composition of the precipitate f6nned in this and in other cases. 

It may be mentioned that in some experiments which are 
being conducted in this laboratory on liydrogen persuljdnde 
(whicli, according to Sabatier^, has the formula TT.S,.), a much 
larger yield of this substance was obtained from a solution of poly- 
sulpliide of lime contaiiung excess of sulplmr, than from a carefully 
prepared solution of potassium disulphide. The latter sobitiuii 
added to a lead salt gave at once a black precipitate. ^ 

The al)ove facts would point to tlio conclusion that the re- 
actions by which the persulphides of lead and liydrogen are 
formed are not simple double decompositions. # 


♦ Comjjtes Rmdus^ 100, 1585. 



SOME EXPEEIMENTS WITH SILVER PERMANGANATE. 

f 

By G. J. Fowler. 

T hese experiments were undertaken in order to discover. 

^whether, on treating silver permanganate with chlorine, 
aify chan^’i resulting in the lormation of a higher oxide of man- 
ganese or an oxide of chlorine would result. Similar experiments 
were tried with hydrogen chloride with the object of preparing 
permanganic acid. 

In the first exporiinent the chlorine was freed from hydrogen 
chloride by passing through water, and was then dried by passing 
through two cylinders containing strong sulphuric acid. The 
silver permanganate was dried over sulphuric acid in a desiccator. 
On passing the pure and dry chlorine over this salt, no reaction 
took place in the cold daring the space of half an hour. On 
heating, reaction took place with a slight explosion, and the 
chlorides of silver and manganese wove found to have been formed. 
There was no appearance of the formation of a higher oxide of 
manganese or of an oxide of chlorine. 

Jt was noticed in this experiment that if a trace of hydrogen 
chloride came into the tube with the chlorine, a rapid reaction 
set in. When hydrogen chloride aloi|e (dried by sulpliuric acid) 
was passed ovor the salt a violent reaction took place, even when 
the tube was placed in a freezing mixtuie. The chlorides of 
silver and manganese were formed, and much chlorine and water 
evolved. No appearance of permanganic acid w^ts noticed. 

‘ It is proposed to study the action of other gases on the per- 
manganates, noting the teuiperature of the reaction and the 
products formed in each case. 



ON THE OCCUREENCE .OF FOSSIL CARBON 
OF ANIMAL origin! 

By G. J. Fowled. 

I N the marls occurring jusfc above the carl)onifei’ous stjata at 
Levenshulme, near Manchester,^ large niiinberr^ of nodules 
occur, termed by War^Yickshirc workmen, “fish-eycs/' They 
form round green spots in tlio purple beds, witli dark cpntres, 
and vary in diameter from half an incli. to inches. 'They are 
believed, from microscopical and paUeoniological evidence, to bo 
coprolites. At the ro(piest of Mr. W. Brockbank, they were sub- 
mitted to a ciicmical examination, with the result that the dark 
centres wcu’e found to contain carbon, wliich, from 'the above- 
mentioned evidence, will Ijo of animal origin. As this source of 
carbon has not, so far as I am aware, been previously noted, it 
seemed to be of sullicient interest to chemists to warrant separate 
description. ^ 

The presence of carbon was established by the following 
tests : — 

After removing c’arbonatcs by means of dilute acids, the residue 
was heated with potassium dicliromate and strong sulphuric acid. 
CarV)onic acid was evolv’ed, 'mruing lime-water turbid. 

On heating with, copper oxide, carbon dioxide was detected as 
before, and particigs of reduced copper were found amongst the 
copper oxide. 

It is difficult to decide exactly in what form the carbon occurs. 
On heating, the black substance glows and disaj)pears, evolving 
no odour, a fact which points to the absence of bitumen. 


Vide Brockbank and de Ranco, Proc. Viatic, hit. and Phil, Soc,, 1890-91. 



224 


G. J. FOWIiER. 


On treatment with strong nitric acid, a dark brown solution is 
obtained, xn oving that the carbon is not entiredy graphitic. 

It does not appear to exist as a carbide of iron, as no cofour is 
given wlum it is fused in a borax V)ead. and on lieating the residue 
is quite white. 

It is probably in the condition of non-hituininons coal. The 
quantity was not sutticiently large to allow of a satisfactory com- 
bustion analysis. 



ON THE VITRIFIED CEMENT FROM AN 
ANCIENT FORT. 

By G. H. Bailky, D.Sc., Ph.D. 

(From the Memoirs ofithe Manchester Literary atul rhilosophical Society.) 

I N October, 1882, Dr. Angus Smith described betorc this 
Society a vitrified mass of stone from Glen Nevis, and gave 
an analysis of the stone. 

In the Manchester Museum at the Owens College is also a 
mass composed of fragments of gneiss cemented togetlier by vitri- 
faction, and said to be derived from the forts of the Piets. 

Having recently visited some of these forts in the Highlands, 
I was interested in this specimen, and having, by the permission 
of Professor Boyd Dawkins, obtained a sample of tlio stone, I 
asked one of my students, Mr. W. B. Hopkins, to make an 
analysis of the vitrified part. The points of ijiterest seei>ied to me 
to be : — 

(a) Whether the materials wliicli had been converted into the 
molten mass had been selected by trial in order that a body of low 
fusing point might be obtained or’had been taken indiscriminately ; 

(b) Wlicnce they were, derived ; 

(c) What temperature would bo required in o'idr'r to bring 
about the fusion ? * • 

The vitrified part showed locally a glazing, and liad been 
distinctly fluid, but^ now presented somewhat the appearance of 
lava, being honeycombed with air spaces from which gases had 
apparently escaped during the fusion. Samples were* taken fibm 
different parts and mixed together, and partial examination was 
made of the differentT samples with a view to detecting variations 

Q 
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in the composition of the mass. No considerable differences were 
found, except that in some parts the iron was entirely oxidised, 
whereas in others it still remained, for the most part?, in the 
ferrous condition, and in addition to this there seemed to be 
rather more alkalies in the denser parts of the mass. The typical 
sample gave on analysis the following results, the sainide ‘analysed 
by Dr. Angus Smith being placed alongsido for the sake of com- 
parison, tliough I have no evidence that they are identical 
specimens, and indeed the {inalyses themselves would certainly 
indicate that they were not. 



Mass in 

^lass from 


Mancliester IMuseum. 

Glen Nevis. 

Silica 

G9-69 

08-88 

Alumina 

11-12 

10-17 

Ferric oxide .... 

13-01 

5-33 

Lime 

0-53 

3-73 

Magnesia 

0-32 

3-39 

Potash 

1-80 

1-83 

Soda 

1-49 

0-2G 

Loss on ignition 

1-12 

0-92 


There may have been originally more alkalies present ; the 
stone is of such a porous nature that these would bo partially 
dissolved away by exposure to atmospheric conditions. 

There is then a very low proportion of alumina, practically no 
lime or magnesia, and little alkali. No common mineral or rock 
substance, as far as I am aw^ar'e, shows sucli a coinposition. 

It hasvhccn suggested by previous writers on this subject that 
basalt was added to clay, or some such substance, to form a mass 
which could be fused at such tejuperatures as were likely to bo at 
the cominaud of the builders of these forts., Wood, it has been 
suggested, was the fuel used, and indeed in one case wood has 
been actually found hi between the layers of stone constituting 
the wall. 

lathe case of the specimen examined, however, no basalt can 
have been added, for though tht*. large proportion of iron might 
have lent some colour to such a suggestion, it is absolutely 
negatived by the absence of calcium and magnesia, which are 
alwliys present in basaltic rocks. 

For the same reason, and because of the low percentage of 
alkalies, it cannot have been agneissose or granitic base that was 
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used, nor (considering the low percentage of alumina) can kaolin 
or clay have constituted* any considerable portion of the material. 
In some parts of Scotland, whore such forts occur, there arc beds 
of red sandstone (of the old red sandstone age and of foi inations 
older than this), and the essential difference in composition 
between* these lies only in a rather lower percentage of iron and 
of alumina and a little liigher percentage of silica. These rocks, 
however, approach nearer to the vitrified stone than any other 
accessible material, and with the ivldition of a little iron ore, or 
slag, might at any rate be brought in almost exact agrtjement. 
The question of the source of tlie material, in tliis particular case, 
is rendered more difficult because the actual locality from which 
the mass was obtained is not known, and in any case it would 
he necessary, in order to solve such a question satisfactorily, to 
analyse samples of vitrified forts from different districts, j’wid to 
take the results in connection witli the rocks found in the disti'ict. 
With regard to the temperature that would bo required to bring 
about the fusion of such a mass, I may call to notice a.series of 
investigations ^vhich have, during recent years, been undertaken 
by Sege.r {Thonindu-siric-ZciUui(jy 188G, j). 185) with a view to 
determine the relation of fusibility of a mixture to the proportions 
in which the constituent parts occur. Segcr made up mixtures of 
silica, kaolin, and marble in different proportions, until ho, by 
means of trials in a pottery furnace, arrived at a pioximate idea 
of the best proportions for obtainiifg lo\v fusibility. Having found 
this, he tlien made a large number of mixfcunis, varying /lie several 
constituents, wdiilst keeping others in tlie proportions (‘stahlished 
by the preliminary trials. It is already known that the presence 
of alkalies, especially soda, increases tlie fusibility of a rnixtin'e, 
and that oxide of iron acts also lu the same direction. He found, 
however, that the keystqne to fusibility rested with the rcjlative 
proportion of alumina and its relation to the other, bases. It is 
singular that in this particular the vitrified stone agrees very 
nearly with the proportions disccwci’ed by Soger. 

If, therefore, wo take this in conjunction with the peculiar 
composition of the vitrified stone, it would certainly seem to show 
that, in this case at any rate, the materials used were an artificial 
mixture of natural products, the proper constituents of whicli w^ere 
arrived at by a process of trial, and that tlie builders of the fort 
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had some acquaintance with the behaviour of different substances 
under the action of heat, nor indeed can it be thought very 
, remarkable if tliey did possess some such knowledge. It has been 
thought that in some cases the actual stones themselves were 
melted together by heat, and, however this may be, tlieve can be 
no susi)icion of this in the example before us. The schist, of 
which the fort has been built, shows no marked alteration, and 
certainly nothing approaching fusion. The temperature of fusion 
of such a mixture, as is indica»ted by the rcjsults of the analysis, 
would be about 1,200" C. to 1,800" C., and this could be readily 
attained by means of wood, in the manner already suggested by 
different writers on this subject. 



A METHOD OP TESTING EOfi. THE *PEESENCE OF 
SILICIC ACID. 

By G. H. BAir,iiv, D.Sc., Ph.D. 

• - 

rilTTE methods at present employed in the ordinary, routine o 
qualitative analysis arc based upon (u) the separation of 
silica on the addition of a mineral acid; (/>) the subseqiicii^-‘*?oii- 
tirmation by what is known as tlio skeleton bead test. 

In practice, unless the solution is concentrated, no sex)aration 
occurs when it is acidulated, ajid if the silica sex>arates out in the 
iron groLix) its identification is usually a matter of extreuio difii- 
culty. The only really satisfactory jn’oeess consists in that' 
adox)ted for tlie quantitative sex)aration, vi/., boiling down the 
acidulated solution to x)erfect dvynpss and extractitig with dilute 
acid, silica being left as a residue. 

This is a long £ind tedious operation, and miless Carried out 
with the observed in quantitative work the result is 

unsatisfactory. 

]\Ioreovcr, the confirmation .by means of the skeleton bc^ul, 
whilst it is serviceable in exx)erienced hands ami when operating 
with mineral silica, can l?y nd moans he relied u];)On with the siHca 
in the forms in which it usually })re^scnts itself in the course of 
qualitative testing. ,lt is with a view to sujqfiy a ready and trust- 
worthy moans of ^detecting silica that tlie following mctliod is 
given. 

It is known that silica, like titanic acid and several other 
hydrated oxides, is soluble in dilute acids when freslily x>i'ecipi- 
tated in the cold, wlylst if allowed to stand for sojiie time, or if 
the liquid in which the hydrated oxide is suspended he heated, 
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it becojjies much more insoluble. This property, though character- 
istic of several of the rare earths, is only shown amongst sub^stances 
* commonly occurring in quantity, by silica, and can therefore be 
taken advantage of in routine qualitative analysis. Moreover, it 
is applicable to dilute solutions from which the separation pf silica 
by the ordinary methods in use is a matter of great difficvdty. 

To the cold solution, preferably diluted with water so that the 
precipitate formed is not too bulky, add barium chloride. A 
precipitate forms v.diicli redissolvcs on the addition of dilute 
hydrochloric acid. There is therefore present no sulphuric acid ; 
the precipitate may, however, consist of carbonate, phosphate, etc., 

, as well as silicate. 

But now, in a second tube, to some of the original solution 
add barium cliloride as before, and, previous to the addition of 
iiydroc'tiloi‘ip acid, JwiL the solution for a moment. In the presence 
of silicic acid it will now bo found that a flocculent precipitate 
rem<^!:rs after tlio addition of hydrocliloric acid, tlio silica liaving 
by the boiling been transformed into the condition in wliich it is 
insoluble in dilute acids. It is well to do the experiment in both 
the tubes, side by side, so that tlie faint turbidity arising from 
sulpliato pr(?sont as impurity may be compared , witli thti pro- 
flripitato reuiaining in the tube in wliicli the solution had been 
heated. If sulphate and silicate are present together, the barium 
sulphate may be iiltered off after the addition of hydrocliloric 
acid in tlic cold, and the filtrate, on boiling, will yield a precipitate 
of silica. Tj will be found that after some time the tube in which 
the operation was carried out in the cold also deposits silica. 


Soluble silicates usually contain a little sulphate. 
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Repoj't drawn tip by G. H. Bailey, I). Sc. 

Paiit T. 

[This ivork was for iha most carried out at the (hocus Collajc, dnriuo 
the years 1801 and 1802 .] • 

rpiHE great difliciilty experienced in growing trees a^ul plants 
in Manclicster is due entirely, or almost entirely, to the 
existence of certain impurities in the air of this city. The Town 
Gardening Section of the Mauch(ister Eield Naturalists’ Society 
decided, therefore, towards the close of .1890 to appoint a special 
committee, who were recpiested to investigate the nature and 
amount of t]iese*im[)urities, with especial reference to their origin 
and to their influence on animal and vegetable life. The results 
obtained during tlie last few montlis are hero detailed. 

TVie air impurities of a great cil^y may be divided broadly into 
two classes — (1) gaseous inijnirities diiTused througfiout tlie atmo- 
sphere, (2) small x>‘ii'ricles of solid and li(pnd matter lield in 
suspension. Tlie gaseous impurities consist of (.1) an amount of 
carbonic acid sliglitlvyn excess of that to be found in pure country 
air, (2) sulphurous acid, (3) hy\lrochloric acid, (4) sulphuretfed 
hydrogen (exceptional and local), and (o) certain ill-defined organic 
compounds. The solid impurities (or dust) consist of (1) jffar- 
ticlcs of carbon and* carbonaceous ^iiatoer from liousehold and 
factory chimneys, {*2) g(3rnis of^ microbes (of which a certain 
proportion are alwjj.ys disease germs), (3) aminonia salts I’csulting 
from the decomposition of organic matter, (4) debris resulting^ 
from the attrition of various living and non-living matter. • It 
is only rarely that the air contains liquid impurities to any 
considerable extent-^ viz., when it is filled with fog. The fog 
consists of a vast number of globules of water held in suspen- 
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Bion in the air ; and those globules dpubtless contain in an 
exceptionally concentrated form all soluble substances present. 

^ It is evident that the subject of air impurity offers a wide 
field for investigation. The Committee has decided to give 
attention in the first instance to the following points':^ 1. The 
composition of the air in densely populated districts, as compared 
with that in thinly populated and suburban districts. 2. The 
relation between atmospheric impurity and prcvaicnt sickness and 
mortality. 3. The /3xtent to \Vhich smoke and noxious gases are 
due (a) to dwelling-houses, (b) to factories. 4. The character of 
the air during the prevalence of fog. 

In order to obtain accurate and trustworthy information of a 
general nature, apparatus is being set up in the various districts 
of Mapehester and Salford. 

This report contains a record of observations made principally 
at the Town Hall and the Owens College. 

It ^ was decided first of all to deal with the presence of sul- 
phurous acid ill tlie air, for tlie following reasons : 1. Sulphurous 
acid, and the sulphuric acid to which it gives rise by oxidation, 
are distinctly harmful, even in small quantities, both to animals 
and the higher plants. It seems probable that the effects of 
town fog ai'c largely due to the excess of sul2)huroiis acid which 
it contains.f 2. Wo know definitely that the sulphurous acid of 
the air arises wholly and solely from the combustion of coal, 
which contains from 1 to 2 per cent, of sulphur. It is a pollution 
especially characteristic of our great cities, and is, in our opinion, 
a pollution whicli properly directed efforts iiiay abolish. 3. The 
subject is one which has scarcely been touched by previous 


• It may bo noted hero that, despite a long-continued tradition, gaseous 
sulphurous acid is not poisonous to plants of *such lowly organisation as 
microbes. It seryes, therefore, no useful purpose as a disinfectant. (Sec 
Miqiiel, Los M icrobeSy p. 298.) ^ • 

t A roferencG to the health reports of iRIanchostor wip show how the deaths 
from respiratory diseases increase durin|^ the prevalence of fogs impregnated 
with sulphurous acid and other injurious matter. From them it will be seen 
that each occurrence of fog is followed liy a largo increase in the mortality 
and, ajortiori, ixutho sickness of the city. Taking the normal number of deaths 
per week in Manchester from such causes at GO, we find tliat during the period 
of dcn.se fog just preceding Christmas the number rose to 200. In like manner, 
in London the number of deaths from diseases of xesimatory organs 
increased during fog from 300 t 9 over a thonsand. 
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observers, owing to the^ difficulties of estimating sulpliurous acid 
when it^is largely diluted with other gases, as in the atmosphere. 
Wc describe below a simple and accurate method which we have, 
devised for its estimation. 

Our idvcstigations may be divided into throe sections : — 

(1) The determination of the sulphurous acid actually present 
in the air, during clear weatlier and during fog. 

(2) The determination of the sulphurous acid (oxidised partially 
or wholly to sulphuric acid), in various dust deposits on leaves, &c. 

(3) Observations on the variations in the dearness of the 
atmosphere. 

Minor points of some interest have also arisen in the course of 
the res(jarch. Such, for i?istaTice, is the consideratioji of tlie rela- 
tive amount of dust deposit on leaves in different parts of tlie cii:y. 

Wc proceed to describe in detail the experimental ii)etlif)ds 
have employed and the preliminary results w'o have obtained. 

It is impossible, at this stage, to give a complete bibliogra;})hy 
of the subject; but, for the convenience of those interested, wo 
append, in a note, the names of the x>i‘iiidpal authors who have 
wu’itten on the subject of air iinijurity."’ 

Deteuminatton OB" Sulphurous Acid in th1'],Air. 

The apxiaratus used for the determination of sulphurous acid 
in the air consists of three x>arts — A, a long glass tube about half 
an inch in diameter, open at both ends, which is fixed horizontally 
so as to project into the ojien air ; B, a glass lower ^xbout 30in. 
liigh and l]in. in diameter, oxien at the top, and drawn out into a 
fine jet at the bottom. Two side tubes are fixed to tlie tower, one 
near the bottom aifd the other on the opposite side near the^toj). 
The tower is filled to within one inch oC the upper side piece with 
glass beads, and into tin? ojic.n toji a tap funnel is inserted thijpugh 
a tightly fitting co];k. The lower side tube is attached to the 
horizontal tube ; tjie iixiper one, by means of wide india-rubber 

tubing, to a combined meter and asiiirator C. This is an ordinary 

• 

* The names of these authors are as follow: Aithcn,^ Roberts- Ausien, 
Cariiolloy, Descroix, Pi. Fraukland, P. F. Franklaiid, Frey tag, Kiiy, Albert- 
Levy, Miqiicl, Pettenkofer, Proskauor, Roscoo, Russell, Schroedcr, Angus 
Smith, Stocckliardt. call especial attention to the valuable annual report 
issued from the Observatory at Moutsouris, in Pai'is. 
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wet meter converted intg an aspirator by attaching tootlied wlieels 
to the revolving drum, and driving the wheels by moans of a wire 
cord passing over a pulley and carrying a weight. A series of dials 
registers tlie volume to the one-hundnalth of a cubicj foot. The 
method of conducting the experiment is as follows: About 250 c. c. 
of a solution of hydi ogen peroxide in water, containing about one 
milligrain of active oxygen in each cubic ceutimere, is poured into 
the tap funnel, from wliich it is allowed to drop on to the glass 
beads at the rate of about one drop fi. second ^ The liquid passes 
down and out at the lower end of the tubci tlirougli the jot, and 
falls into a flask placed below. A drop of liquid which per- 
manently fills tlio jet seals it eliectually from the outrancii of air 
from the interior of the room. Afte)* running througlr the liquid 
is poured back into the fmineh The weight being wound up, tlie 
volume indicated on the dial is read off, and tlie drum t;et i^, 
motion. Once started the apparatus Jioeds no furtlun' supervision 
until cither the weight has reached the ground or the solution of 
hydrogen jieroxide has run out of the funne]. The period, required 
for this is readily determined, so that no time is lost in looking 
after the apparatus. A preliminary experiment made with an 
artificial atmosj)liero containing a known volinno of sulphur 
dioxide, and a check tubt) wdtli liydrogen peroxide inserted 
between the tower and the aspirator, gave good residts, and 
sutliciently provtjd the trustworthiness of the apparatus. Deter- 
minations have been made simultaneously at the Owens Collegci 
and the Manchestei- Town Hall. Tlio volume of ah* analysed 
lias varied from one to three cubic metres. The results are given 


in milligrams pci* cubic metre : — 

Owens Town 

ISiU. * Collej^r, Ifall. 

February IS. White fog, no sinoll of *suli)hurou.s acid (morning) 3-14 . . — 
February 18. White fog, slight smell of sulidiurous acid (after- 
noon) 372 — 

February 10. Slightly foggy at commencement only ; clear rest 

of timb (mitlday) ^ 1*95 . . — 

February 19. Clear aiyl sunny (afternoon) 2*10 . . — 

February 19. Moonlight and clear (e\tening) I SO .. 1*87 

February 20. Clear (midday) - .. 1'38 

February 21. Clear (midday) 2*07 .. - 

February 21. White fog and clear at close (midday) , . 3‘03 . . 4’OG 

February 25. Clear and sunny (10 to 5) 0 77 ..* — 

February 27. Foggy (9-30 to 12) — .. 7*40 

IMarch (5. Very clear, wind (9-30 to 2-30) 0‘2S . , — 

March 12. Misty, bright sun (11-45 to 1-25) 0*97 .. — 
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The results show considei'able variation in the amount of sulphur 
dioxide present in tlio atmosphere. The lowest result was obtained 
, on March (it.li, after two days’ strong wind. The highest results 
were obtained on h^ebruary 18tli, 24th, and 27th, and on all those 
days tVierc was a considerable aniount of fog. The detei^'minations 
made simultaneously at the Owens College and at the Town Hall 
show an increase in the centre of the town. 


1 

^Deposits feom the Am. 

Deposits have been collected (1) from snow ; (2) from tlic roofs 
of greenhouses ; (3) from the leaves of outdoor plants in cliffci’ent 
parts of Alancliester and Salford. The method employed for suoav 
was to collect the upper layer as soon after it fell as possible from 
^Qi^giveii- area. This was then melted, and the aniount of sulphuric 
acid, and ifi some cases of hydrochloric acid, in the water produced 
was determined. Dy tlieii taking the snow on each succeeding day 
from a fresh plot in the sajiic locality, it could bo seen how the 
acid and solid deposit increased, and an estimate could be formed 
of the amount of matter carried down each day. The following 
records show the amount of sulphuric acid (SO3) and ammonia 
obtained, expressed in milligrams per square metre of surface : — 

Siil(>lniri<’' AfMiI (SO^,!. 



* 











"Wilbirsvliain 

Ywrk 



Ammonia. 





IMficc, 







KalloW' 

Oxfonl 

Owens 

Infir- 

Fall.nv- 




iHlll. 

Ki)ail. 

College. 

iii.'irv 

. fieUi. 

December 19, 

0 p.m.. 

frcsli 

fallen 




snow . . , 



— 



10 

— 

December 20, 

11 a.in. 




— 

0-2 

19 

00 

December 20, 

2 p.m. 


4-;j 

— 





December 20, 

5 p.m. 


— 

— 

9 

— 

— 

December 21 , 

11 a.m. , 


— 

9-0 

— 


— 

Deceit? ber 21, 

2 p.m. 


0-2 


— 

— 

30 

December 22, 

11 a*ni. 




— 

^ 21 (201 

3) 31 



December 22, 

2 p.m. 


■ 7-5 

— 

— 

60 

December 2.0, 

9 p.m.. 

frosb 

fallen 


ft 



snow . . . . 




10 (90) 

t 

— 



The amount of blacks,” where detcnriined, is stated within 
the bi^ackots. Some estimate may be formed of the actual amount 
when it is stated that each unit in the table represents 5*71bs. of 
^ sulphuric acid carried down on a square mile' of surface. Thus 
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during thvco days* fog there was carried down per square mile in * 
the neighbourhood of the Infirmary (by no means the worst part 
of Manclicster) rather more than Ih cwt. of sulphuric acid, wliilst 
at the Owens College the amount was ovci' I cwt. ; the blacks, 
oven at the latter station, amouuled to 13 cwt. ; and llic hydro- 
chloric aibid to about ^ cwt. Mcasurcmcjit has also been made of 
the amount of sulphuric acid carried down by rain. Tlirough the 
kindness of W. T. Thlsclton l>ycr, Esq., E.U.S., Director of the 
Eoyal Gardens, Kew, and of Professpr F. W. 01iv(‘r, of University 
College, London, we were able to obtain a large supply of a black 
deposit that had formed during the last fortnight of hVdjruavy on 
the glass roofs of tlic plant-houses at Kow, and on Messrs. Voitch’s 
orchid-houses at (fiielsea. Dr. Oliver also secured foi* us some of 
the cotton wool through which the air of the House of Commons 
is filtered. These are being examined with a view to det(Jnnine 
the hydrocarbons, sulphuric acid, t'ec., wliich tliey contain. In a 
preliminary report we cannot give the whole of the details ; and, 
indeed, the general results of tlie analysis of tlie Chelsea STimple 
are characteristic of the rest. 

It contained : — 


Carbon 

Hydrocarbons 

Organic bases 

Sulphuric acid 

Hydrocliloric acid 

Ammonia 

]\Io bailie iron and magnetic oxide 

Ollier mineral matter, chiefly silica and ferric oxide 

Water not determined. 


30 per cent. 

‘d’O „ 

4-33 „ 

l-'i3 „ 

1- 37 „ 

2 - 03 „ 


The prcsonco of auch large (piantities of volatile oils explains 
the oleaginous character of the Jlejjosits which form from London 
smoke; and it has been jioticed that especially in the districts of 
Manchester where dwelling-houses are much crowded together 
{e.y., Huline) the deposit has simila? properties. 

The leaves on which observations were made were gathered 
(for the most ^Jart) before much foggy weatlier liad been 
experienced; there had been no rain during the previous fort- 
night. In the following table we have given the date at which 
the leaves were gathered, as well as the locality. The amount of 
deposit is given in milligrains per square meti'c of leaf surface. 
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‘ Sul- Ilydro- 

1890, L^icality. ^Solid phuric fhloric 

deposil;. Acid. Acid. 

Docembor M .. Near Alexandra Park. .. . 131 .. 7'2' < 9*1 

c December 13 .. Ovvons College 315 .. ]0'4 .. 17*3 

December 10 .. Hulmc 420 .. 20*0 .. 

« December 14 . . Trarpurhcy 443 . . 19 0 4*4 

Docembor 14 .. Infirmary (bollios) 728 27*5 ... 19*4 

Docomber 14 .. Infirmary (aucubas) 508 .. 18*3 .. 14*1 

December 13 .. Albert Square 833 .. 24*2 .. 21*7 

1891. 

January 17 .. Peel Park 374 .. 18*0 .. — 

January 22 .. Queen’s Park* 194 .. 17*5 .. — 


In nearly all cases, except whore otlierwise stated, tlio leaves 
exfirnincd were aiicuba leaves. We see tluit the centi al districts 
* of Manchester show by far the worst results l)oth with regard to 
the amount of the incrustation on the leaves and tlio acid present 
in it. « The leaves from several districts were actually acid to the 
taste ; this* was not, however, necessarily a sign of the presence of 
a largo total amount of acid, but rather of a large percentage. 
Some idea will be formed of the injurious nature of such deposits 
on the leaves when we notice tiiat the sulphuric acid often formed 
6 to 9 per cent., and the liydroehloric o to 7 per cent, of the 
whole deposit. 


Vaiuations in the Ceeauness of the Atmosphkke. 

With tlio object of rendering assistance in the investigation 
of the composition of tlie Manchester atmosphere, tlic Medical 
OHicer of iLealth lias caused to be made, iu connection with 
his department, daily examinations of certain of its optical 
properties. , 

Since the beginning of FebAiary last, Mr. Roos, senior, 
Statistical Clerk in the Medical Officer’s ^Department, has made 
daily^'ohservations at noon, from the tower at the Town Hall, and 
has obtained and recorded particulars of the degrees of clearness 
of the atmosphere from time to time, under the'constantly varying 
conditions of pressure and temperature of the air. 

.Before commencing observations, certain projiiinent and well- 
known biiildni'gs were chosen, situated in several directions — 
north, south, east, and west of the tower, and their distances 
therefrom were approximately ascertained. » 
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The observations consisted in simply enteiing in a table a* 
statement of the fartluist objects which could be seen from the 
tower oil each day, and also certain figures showing the degree of 
clearness with which each object could be disctirncd. 

These observations, together witli tlic other mote^orological 
data ordinarily collected by the Medical Oilicer of Health, have 
been placed at the disjiosal of the Committee. 

In concluding tiiis prcliminsiry sketch of the work already in 
hand, it is of interest to add that the Committee has been asked 
to undertake similar experiments in relation t?) tlio atmosphere of 
liOndon, and thcire is also a likelihood -tliat experiments on the 
same lines may be taken up in Leeds, Liverpool, and otiicr large 
towns. 



Sickness and Mortality in Manchester 

f 

During the MoJiths of Dccemher (1890), January s.Tid February (1891). 
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Part II. 

■ 

SuLPHUKOiJs A(Md and Ouganic Mattku in Aiu. 

The weight of aii* inspired by a human being in course of 
a day is very much greater tlian the whole of the solid and liquid 
food taken. And, moreover, modern reseai-ch has sbowfi tlnii 
disease is propagated and serious injury done to the ?>ystem by 
means of organic and other iiiipurities of which air is the vehicle. 

Yet, although methods have been worked out for tho^ imalysis 
of foodstuffs and water, and the most elaborate arrangements have 
been made to insure that these materials shall be supplied in a 
state of sullicieiit purity, no adequate steps have been taken with 
regard to air. It is true that a large amount of information has 
been collected wdth regard to the distribution of carbonic acid in 
tlie air, and this has led to improvement in the sanitary condition 
of dwellings in so far as it has 'been the means of promoting 
improved ventilation. ]hit even for such a purpose the knowledge 
we have gained is insuflicient, since tlie other and far /fiore hurtful 
impurities of air have been almost wholly disregarded. I'urther*' 
more, the problem lof the air outside the dwelling, a problem 
which is especially pressing in large towns, has been very much 
neglected. Indeed, witji the exception of Dr. liusseH’s most 
interesting reports on the impurities of London air, hardly any- 
thing ^has been published in recent years relating to the suiphurous 
acid and organic matter in towuviir. 

In the neighbefurhood of glass works, or where copper smelting 
or similar industries are carried on, large quantities of sulphurrAis 
acid are thrown into the air, and in a district like feoiith LaVica- 
shire tliere is no doubt a considerable contribution from the 
manufacture of sulpWric acid and alkali. .As our inquiry deals 
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especially with town air, the pollution wc have to consider arises 
for the most part from the combustion of coal in the domestic 
firegrate and for raising steam; and, indeed, in any case, the 
reports of the Alkali Inspector show that the amount of sulphurous 
acid given out by the alkali works in South Lancashh;e is quite 
trivial compared with that produced by the combustion of coal. 
Analysis of tlie air in largo towns should afford a measure of the 
extent of pollution by the burning of coal as at present carried on. 
It is also in the large towns that wo may oxpect to find ovidonco 
of excessive quantities of organic matter in the air, and this more 
especially in regard to the foul condition of w^ater-courses and to 
the tendency that nowadays iHcvails to make the atmosphere 
the receptacle for the effluvia of sewers and refuse heaps, t^c. At 
times when the proper diffusion into the higher regions of the 
atmosphere is interfered with, or when there is very little hori- 
zontal movement of the air, the accumulation of such impurities 
takes place to an alarming extent. A determination of the 
impurities of air to be of value in populous districts should, there- 
fore, not be confined merely to the measurement of the carbonic 
acid, but include especially - 

(a) The amount of sulphurous (and sulphuric) acid. 

(h) The amount and (so far as possible) the nature of the 
organic matter. 

(c) The number and the character of the micro-organisms. 

The Air Analysis Committee of the Manchester Field Naturalists 
have been engaged during the past eigliteeri months in carrying 
out investigations in various directions with a view to ascertain 
the pollution in different districts. Without the hearty co- 
operation of a number of observers who undertook the super- 
intendence of tlie apparatus it would n^t have been possible to 
carry on the work, and the Committee desire especially to 
record their indebtedness to Alderman W. H. Bailey (Salford), 
J. Taylor, Esq. (Blackfriars), T. Guest, Esq. (Aiicoats), James 
Hart, -Esq. (Hulmc), A. Paulsen, Esq. (Town Hall), for their 
valuable assistance. 

In the following tables are given the maximum, minimum, and 
average observations of sulphurous acid during the year just ended 
August, 1892. 
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Maximum and Minimum Amounts op Sulphur Recorded for 
EACH Month, in the Air of Manchiester and Salford, 
Expressed in milligrams of SO-j per 100 c ’U>. ft. of air. 




i Owens College. 

j 

llulme. 

i Town Hall. 

Ordsall. 



Max. 

Min. 

]\lax. ■ 

Min. 

Max. 

Min. 

1 : 

Max. 

Min. 


1891 

3'1 

0-7 

2-4 

1*0 

2*7 

1*0 

• 


Oct. 

♦ 1 

4-7 

or* 

4*1 

2-4 

0*8 

1*2 

• 


i Nov. 


9-8 

2-1 

8-7 : 

1*7 

14*0 

2*9 

10-5 ! 

2*7 

i Dec. 

»» 

22*0 

2-3 

211 

2*4 

20-.'; 

! 3*4 

to 

*to 

V 

2*7 

Jan. 

1802 

121 

3-3 

11 0 ! 

4*0 

12-7 

4*7 

17*7 i 

5*7 

Fob. 

•j 

ll’C 

4-2 

120 

3*4 

8*9 

! 5*0 

13*4 : 

4*7 

i Mar. 



30 

110 

1 

()•(» 

20-7 

1 7*0 

21*2 ; 

4*0 

j Aj)ril 

” i 

12-7 j 

! 4*1 . 

18-0 ; 

C-G 

i 18*5 

i 

5*1 

20*5 ; 

5-8 

1 May 

.. ! 

1 5-1 ■ 

2-7 

5*3 * 

2*7 

4*1 

i 2*7 

• 6*4 ; 

5*1 

’ June 

i 

! 

' 4-7 

2*1 

5*5 i 

^2 1 

4*4 

I 1-3 ^ 

5*6 1 

2*7 

1 July 


3-7 ' 

20 ; 

! 

8*3 ; 

3*4 

i 2*4 

‘ 1*0 

/5*r) ; 

4*0 

i Aug. 

i 

II 

1 

i 

2’9 ■ ■ 
! 

2-4 ! 

C*8 j 

3*0 

i 

4*4 

; 30 

5-1 1 

3-4 

! 

Means 

i 

■ ■ t 
1 

....| 

8'5 

2’5 ! 

i 

0*0 •; 

3*5 

10*5 

i 3*3 1 

i ! 

12-5 ?| 

.?-f> ? 


Tho results for Blackfriars Street (Salford) are not given, 
returns are not quite complete, but also since 
fee with those, for tho Town Hall. Tlie returns 
for tho Ancoats Station are also unfortunately too incomplete to 
bo included in this table. • 


partly because the 
they essentially ag 
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Avekaoe Amount of SuriPHUii, 

4 

iiixprcissed as BOy por 100 cub. ft. of air, for each Month, as obtained 
by taking a mean of all the detenni nations made. 



Owens College. 

» 

Hulme. 

Town Hall. 

Ordsall. 


No. of 
determi- 
nations. 

Average 

Jtesult. 

No. of 
determi- 
nations. 

Average 

Kesult. 

No. of 
determi- 
nations. 

Average 

Kesiilt. 

No. of 
(leternii- 
iiations. 

Average 

Kesiilt. 

Sept. 1801 

8 

1*5 

4 

1-8 

3 

2*0 


— 

r ,, 

15 

1-7 

4 

3*1 

G 

3-4 


— 

Nov. „ • 

17 

4*3 

15 

3*7 , 

13 

G*2 

11 

5*9 

Oeo. ^ „ 

14 

t)*3 

IG 

0*5 

7 

10*1 

20 

9*5 

Jan. 

J2 

C-3 

1) 

7*3 

5 

9*1 

7 

10*9 

Fob. 

IG 

5*9 

12 

7*5 

4 

7*1 

12 

7*4 

Mar. „ 

16 

G*5 

11 

8*9 

G 

12*7^ 

14 

9*8 

April 

IG 

c-o 

10 

9*7 

4 

10 3 

13 

12G 

May 

, ! 

5 

f 

4*1 

4 

3-8 

4 1 

3*4 

5 

5G 

Juno „ 

8 

3*2 

5 < 

4-2 1 

\ 

\ ' 

2G 

4 

4*5 

July 

Tj 

\ 

3*2 

4 

5-7 

3 

1*7 

3 1 

4*9 

Aug. 

1 ° 

2*7 

4 

4-8 

1 ! 

5 I 

I i 

3*9 

5 

„.,„J 

4 3 

Mctyi for t ho 
six month.s 
Nov. to Ap’l 


, ^ 

! 1 
i 

j G*4 

! 

« 

7*8 


i 

S/ 

9*25 


9*4 

Mean for th o 
rest of tlio 
year i 

• 

i 

i 2*7 

1 

1 

1 

i 

t 

r 

3-9 

• 

2*8 

! • 


4*2? 

c 





^ 1 


So far as the records go for the district of Ari6oats, the numbers 
are very similar to those for the Ordsall district of Salford, some- 
tiiiiok a little tetter, sometimes worse. 
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Organic Matter , — The method of determination was as follows: 
200 cub. ft. of air (500 cub. ft. may be needed in clear weather, 
and 100 cub. ft. be quite sufTicient in time of fog) are aspirated i 
through a tube packed not too tightly with a column of G or 8 
inches of* glass w'ool. The organic matter and a small portion 
of the ’sulphurous acid is retained. The glass wool is now 
thrown into an acid solution of permanganate of potash of known 
strength. By withdrawing almost inmicdiately with a pipette a 
fractional i)ortion of the solution and titrating, it w^Ill be found 
' that some reduction of the permanganate has taken place, and the 
oxygen equi valet it of this can be measured. Similarly, portions 
of the permanganate are withdrawn at the end of one hour, six 
hours, and tw^enty hours, and the amount of reduction estimated. 

After this follows digestion for an hour at 50-’ C. to aoccrtaiii 
any further reduction, and finally a known quantity is distilkxl 
with excess of alkali to determine the ammonia and* hence the 
nitrogen present in the organic matter. From these data we gain 
some insight into the quantity of organic matter present, except 
such as remains unoxidisod at 50^ C. and may bo neglected, and 
also into the nature of it. 

Omitting tl^e deoxidation which takes place almost immediately, 
which w^o may take as being due to sulphurous acid, wc should 
find, for instance, an ordinary dusty and smoky atmosphere give 
low records for the one and six hour periods, whilst an atmosphere 
charged with noxious organic matter, such as usually occurs in 
time of fog, will give high records for the one and si.^hour pei-iods 
proportionally to the readiness with wdiich the organic matter^ 
deconqjoscs. 

The numbers oli the following page were obtained in actual 
experiments carried out during tbe past autumn and winter 
months. • ^ 
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Suspended Organic Matter in the Am, 

Given according to the number of milligrams of Oxygen required 
to oxidise thq Organic Matter in 1,000 cub. ft. of air. 




Oriraiiic Matter. 

Direction 

j 

Date. 

Locality. 





Remarks 

of 



1 


on 



A 


h 

Total. 

Wind. 

Wcatlior. 

, 18Ui.: 
Sep. IC 

Ovens Coll. 

07 

nil 

nil 

07 

W 

Dull day. 

» 10 

llulmo 

11 


>♦ 

t- 

1*1 











10 

Jilackfriars 

2-4 

»» 


2*4. 

>* 

»» 

Oct. L'(l 

Owens Coll. 

0*8 

0*4 

i-a 

.>.r, 

S.S.K. 

Oleamy. Air clear 

‘)0 

>» 

3*0 

3*2 

0*8 

7-0 

E.S.K. 

„ Rather hazy. 


* » 

7*3 

5*2 

1*0 

13*0 

S.E. 

1 

Light fog. 

Nov. (i 

«« 

0*0 

(>ri 

17 

14*2 

W.N.W. 

i 

i >1 

Dec. 151 

11 

140 

3*2 

8*2 

< 

28 0 

1 

Calm, i 

Denso fog. 


•1 

7'5 

10-0 

O'o 

207 

»» ; 


„ 22 

Anc^ats 

10*3 

4-5 

3 7 

20*5 

i 

r, ! 

»» 

» 23 

Owens Coll. 

17*1 

i 

14-3 

1)3 

407 

1 

1 

i 

»» 1 

*1 i 

I8P2. 


1 




t. 


July 30 


3*0 

2*H 

1*3 

7*1 

N.N.E. 

1 

Oleamy. i 

Scp.^.J, 

1 


1-5 

0'4 

t 

4-4 

1 

1 DuIljWithoccft-: 

7, 8 

.1 

2*5 

Southerly 

sional sun. Air! 


i 



! 


1 hazy. 1 
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The foregoing are quotations from a considerable number of 
deterinniations which have been made. Tlie experirnciits were 
so carried out as to show whether the organic matter was of a i 
readily decomposable (and hence putrescible and noxious) kind, 
or consist^ed of comparatively uninjurious particles of dust and soot. 

Thus, column A may be taken to represent very readily putres- 
cible matter; column B, less readily j)utrescible matter; column C, 
soot and dust. 

On October 20th, about 30 per cent, of ^ the organic matter 
w^as of a noxious character, and more than 50 per cent, was of 
such a nature that it failed to be oxidised in 20 hours at the 
ordinary temperature, and only became acted upon at 50'^ C. 
That is, at least 50 per cent, of the organic particles in the air 
consisted of some such substance as coal dust and smoko. On 
October 24, on tlie other hand, over 50 per cent, was organic 
matter of the more noxious kind, wdiilst the dillicultl} oxidisable 
and less injurious organic particles constitute less than 10 per 
cent, of the whole. Following in the same way the oiltor lines 
of figures, we arc able to make similar deductions. 

Moreover, comparing together the numbers obtained in experi- 
ments carried out simultaneously in different localities, it is pos- 
sible to say which locality shows the greater amount of noxious 
pollution. The district of Ancoats is more densely populated and 
nearer the centre of the city than that in which the Owens College 
is situated. We note that on Dt^cember 22 the total amount of 
oxidisable organic matter in the air of these two localities was 
practically the same, but the nature of the orgamV matter was 
widely different, for whilst in the Owens College district less than ^ 
25 per cent, was of *tho more noxious character, the percentage in 
the Ancoats district was 65. ^ 

• » 

Occurrence op Foo. 

• 

By means of a. staff of observers in different parts of the city 
and suburbs, a large amount 6f information has been collected 
regarding the nature and distribution of fog. 

The points to which attention has been particularly directed 
are: {a) The time during which the fog lasted; (/>) whether gene- 
rally distributed or confined to certain localities; (c) its nature, 
especially as regards density ajid odour. There was, on the whole, 
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much less fo" last winter (1891-2) than during the previous one, 
and hardly any serious and prolonged occurrence of fog. 

, This is largely owing to the fact that the barometer was 
during the whole period remarkably variable. The anti-cyclonic 
periods, during which the air is still, were indeed only four in 
number --tlie beginning and end of November, the middle of 
December, and the beginning of April, and each of these was 
accompanied by fog extending more or less over several days. 
The following are the dates when fogs prevailed: — 

Dense Foo Lasting All Day ok Neakly So. 

October 24. 

* November ... 6, 7,* 23,* 27. 

December ...21, 23, 24, 25. 

Jamutry 4, 9, 12, 15, 19, 20. 

April 1, 2, 5, 6, 11. 


v^Fog Confined to Mokning or Evening Hours. 


October . . 

..25,29, 30, 31. 



November 

.. 3, 1,- 5,- 14,- 21, 22,- 

24, 26, 29, 

30. 

December 

.. 2, 7,* 11,- 14,- 17, 20, 

22, 30.* 


January ... 

.. 7,- 8,'- 10,- 11,* 14,* 17, 

18, 22,^23,- 

25,* 26. 

February 

.. 6,* 8,* 10,* 11,* 12,* 13, ' 

= 16,* 18,* 20,- 

= 22, 24. 

March 

. J3, 18, 21,* 23, 24,* 29, 

30, 31. 


April 

3, 4,* 12,* 19,* 




When the fog was conlined to some particular part of the city, 
the date is i^arked with an asterisk. On 20 occasions, therefore 
(two of tlieso partial), dense fog has been recorded, and on 5G occa- 
sions (30 of these partial) the fog has been conlined to the morning 
(usually 8 to 11 o’clock) or evening (usually ti to 9). It may be 
added that the whole of the October fogs were shallow, hardly 
extending above the houses, so tliat •the •blue sky could be seen 
directly overlio’id, even through the fog. . 

Sumniarising a mass of details which have« been collected, 
draw the following couclusioiis wdh regard to the fogs of the past 
winter : — * 

(Ij The fogs almost invariably accompany a steady or steadily 
rising baromettu*, especially if tliere is also a fall of temperature. 

(2) They were, when partial, most likely to occur in the vicinity 
of streams of water; for instance, there was frequently dense fog 
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over the Irwcll near Broughton, and over the Medlock near All 
Saints, when the rest of the city was almost clear. 

(3) ^hey w^ore most suffocating and noxious in the neighbour- ^ 
hood of the Trwell between Cornbrook and Blackfriars. 

(4) The most central part of the city of Manchester, the * 
triangular area liaving the Exchange Station, the Central Station, 
and London Boad Station at its corners, was usually more free 
from fog than the surrounding area. This was particularly the 
case with the fogs wliich were of shprt duration. 

(5) The London fogs, so far as the more central parts of the 

City arc concerned, were more noxious and contained more 
sulphurous acid than the corresponding Manchester fogs, though 
the difference is not very considerable. Liverpool seems to have • 
fewer fogs, a clearer air, and really bad fogs seldom occur — doubt- 
less owing to its sea breeze. ; 

In concluding the remarks on this subject, it may .be pointed 
out that the nature of th® air at different heights during the 
prevalence of fog has not yet been investigated; an early ’oppor- 
tunity will be taken of carrying out experiments in tliis^ direction. 

OnsjiUiVATTONS ON Eain and Snow. 

It was evident to us from the first, that information obtained 
from samples of rain taken by exposing the collecting vessel for a 
prolongtid j)criod is of little value. Evaporation and the constant 
accumulation of “blacks,” carrying tlioir quota of sulphuric acid, 
ammonia, tic., arc in themselves sufficient to completely vitiate 
the results of such experiments. , 

In each case, therefore, except where otherwise Stated, it may 
be assumed that the samples analysed consisted of freshly-fallen 
rain. Furthermore^ for the concentration of tlio rain beforg the 
analysis, a gas flame must not on any account bo used, or the 
sulphuric acid w'ill be much, too high. We have employed a spirit 
lamp. Samples of^suow were, however, taken in Tsojne cases on 
successive days, as it was possible in this Avay to anive at a fair 
approximation to the amount 'af “blacks” and other impurities 
that arc actually carried down each day. 

We ought to add that the degree of impurity of the rain is 
conditioned also by the nature of the fall; large drops and heavy 
rainfall will, ccetcris paribus, give a much purer rain water than a 
fine drizzle. * 
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Analysis of Samples of Bain and^Snow Collected. 


Date, 

Locality, 

Blaciks. 

Chlo- 

rine. 

Sulpliu- 

ricAidtl. 

Direc* 

Uemarks on Weather. 


• 

In 

grains 
per sq. 
yard. 

In parts 
per 

million. 

Ill parts 
of SOs 
per 

million. 

lion 

of 

Wind. 







* 


N.)v. 11 

York ria<M? 

* 

« 

5-7 

11*3 

B.S.E. 

Dull and squally. 

.. U 

MaiicliPstin- 0 raniinar 
School 


2V0 

.i3-3 

” 

*1 !• 

.. U 

Kersal 

.... 

- 

3(i*i 

*• 

.. 

1)C‘C. U 

York Place 

- 


70*0 

S. 

Dull. Fine drizzle. 








1 

1 Jan. 7 
« 

*■ •* 

Owens College 

1*0 


11*7 

N.W. 

Snow'. Air moderately 
clear. 

1 

i> * 

« Kersiii 

0*7 

- 

2*0 


.. 

i « 

1 

Owens College 

2-7 

6-0 

•l7-8 

S.W. 


: 

1 

I’iccatlilly 

L'l-o 

11*3 

15*0 

N. 

i 

Bright and sunny, 

In it had been foggy 
on 3 previous <iays. i 


York Plaee 

; 

131 

9*0 

! ! 
i " i 

»» M 

11 

(iw'eua College 

vj'ii 

.V7 

«’3 

#> 

! 

! „ la 

i 


1 

I 

.37*3 

37*3 

, S.S.IS. 

D.'izzic. Air hazy. 

; 18 

• 

j 

x*o 

2:)*3 

i K. 

Dull (lay. 

i{» 

j 

t 

i - 
I 

1 

33*1 ' 

39*« 

i E.N.K. 

1 Fine min fnmi dark i 
j smoke cloud. 

I March 10 

! 1 
1 


, nv7 I 

i ! 

• l.v-l 

28’3 

jW.N.W. 

1 j 

: Oleamy, wilh snow ; 
show^'srs. 

! „ 10 

1 

York Plaec 
^veus College 

; 10-7 

91 

t 

19«5 

1 

i 

i U 

j U> :i 

( 

13*7 

! 19*3 

' K.S.E. 

Cloudy. Snow. 

j .. 11 

Pieeadllly 

; ‘M’Q 

33*1 

37*(» 

M 

,1 ,f 

! May 1:J 

York Plaee 

; - 

3*9 

7*5 

1 tft 

Air calm. Heavy rain. 

M i;j 

Owens College 

. 

! 

8*2 

1 

! ” 

1. .. 

w 


- 

13*9 

13*8 . 
r 

W.N.W. 

! Strong breeze. 

i .Inly ^ 10 

« ** 

— 

3*0 

&S 

i s. 

• 

’ Heavy and continuous 
i rainfall. 

! Aug. Ui 

York Place 

* 

I 

! 1*5 

. 4 * . 

fl*9 

! 

1 Heavy rain. « 


It ^viIl bo seoji that when the air of the town is clearest, the 
raih contained^ about 0 parts per million of sulphuric acid, whilst 
during loss favourable periods over 40 parts were recorded. 

Nor were the conditions under which these samples were 
obtained such jis to indicate that these are extreme records, at 
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times results much exceeding 40 parts are to be expected, and 
6 parts cannot be regarcfed as a minimum record. 

The “chlorine varies in the most extraordinary manner ; how ^ 
far it arises from sewage coiitarnination of the air, how far from 
salt works, or muriatic acid works, or is salt carried from the sea, * 
it is impossible to say, and probably all these agencies contribute 
their quota in constantly varying degrees. 

Apropos of analysis of rain, wo may quote the results of the 
examination of rimCy which collected on aucuba loaves in York 
Place between December 21sb and DecembeV 2oth, and which 
showed 89 parts of sulphuric acid per million ! whilst that collected 
on a glass plate at the same place between December 10th and 
December 25th gave 386 parts of sulphuric acid per million, and * 
9-2 grains of blacks per square yard. 

OnsiiuvzvrioNS on Light in Manchestek and Suiujuns. 

# 

Previous to 1870 a largo number of ol)servatious were made by 
Roscoo and Thorpe for the purpose of ascertaining the intensity of 
sunlight at different seasons, and in different localities. 

It was found that the intensity of clear sunlight recorded by 
a photometric jnefchod on a horizontal surface is directly as tlic 
altitude of tlie sun ; that the intensity in the tropics-is consider- 
ably greater than that under similar circumstances at Heidelberg, 
and still greater than that measured in this country*; and, finally, 
that a very large proportion of fhe light was cut off’ when the 
atmosphere was at all hazy. Recently Brennand has published 
a series of measurements, made partly at Dacca uhd jjartly in 
Somerset, which show a general agreement with the results of 
Roscoo and Thorpe f and by means of ingenious appliances ho has 
been able to record the intensily of light received from different 
parts of the sky. 

In addition to these important investigations,. we have also 
the ten years’ sunsliine rccoi-ds made under the auspices of the 
Meteorological Society. Valur^blo as these investigations arc, 
they are mainly devoted to the consideration of sunshine. 

Hitherto, no sufficient attempt has been made to ascertain 
how the light received within a town area comparJs with that of 
the suburbs, or of country districts removed from towns. It is 
found, as a matte^ of fact, that the conditions of town air are 
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most unfavourable to plant life, and, for the matter of that, to 
human beings ; but very little definite information is to hand 
indicating what these conditions are. The Air Analysis Committee 
of the Manchester Field Naturalists have been engaged during the 
past year or^so in investigations on the impurities of town air, and 
have supplemented their work by observations on the extent to 
which the liglit rays are cut off by haze and smoke. 

Although sunshine records arc taken ‘at the Meteorological 
Station in Manchester, it has-been our object to measure not the 
sunshine only (soin*etimes for weeks together we have none), but 
the total light received each day. These measurements were 
made at some fifteen stations at different parts of the city and 
suburbs. 

The apparatus used in the researches already described was 
^nuch Itoo elaborate for ns, and as others may also bo interested 
in making such comparative records in their own district, we 
describe the method adopted. After an examination of various 
media**we were led to adopt with some modification a process 
suggested by Tjeeds, and used to some extent by Angus Smith. 
If a solution of potassium iodide be mixed with dilute sulphuric 
acid Jind exposed to light, iodine is liberated. The reaction which 
takes place .may be represented by the following reactions: — 

KI + H,S04 - KHSO4 + III. 
and • 2111+0-11,0 + 21. 

If the solutions bo too concentrated the action goes on in the 
dark, and if too dilute the amount of iodine liberated on a dull 
day is harcHy measurable with any degree of accuracy. For- 
tunately there exists a mean between these two limits. The 
solution of potassium iodide contains 20 grtfms to the litre, and 
the sulphuric acid 11-85 grams '(IL^SOt) to the litre— i.e., by 
mixip^g equal volumes of the solutiong, the potassium iodide and 
sulphuric acid are present in the proportions required by the 
equation given above. The solutions are kept*separato, and viixcd 
just l)efore being (>xposed, 10 c.c. eflr* each being used. The mixture 
is placed in a two-ouuee stoppered bottle (the 4-6 c.c. of air space 
rej'iuiining above is amply sufiicient to supply the oxygen neces- 
sary ioi the reacLiou to proceed) and placed on a white plate in a 
situation opt'ii, as far as possible, on all sides. By putting the 
bottle out after dark and taking it in after dark on the following 
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evening, we have the cumulative amount of iodine liberated 
during the day, and so on from day to day. The iodine liberated 
is measured by noting the amount of a sodium thiosulphate solu- 
tion of known strength requisite to just decolourise it; we have 
thus a comparative measure of the light received durjng tlit^ time 
of exposure. 

Similar solutions have been exposed under as nearly as possible 
the same conditions at*a large number of stations, and the record 
of the light for each day has been taken during the past twelve 
months. Tlie Air Analysis Committee desires to express its 
indebtedness to the large staff of experienced observci’s who have 
taken the observations. The stations were: — 


Didsbury 

...The Park 

..Mr. W. Holt. 

Fallowfield 

...Wilbraharn Road 

..Miss Cohen. > 

Rusholme 

...Birch Hall 

..Professor Dixon. 

Oxford Road ... 

...York Plnce 

..Dr. jlailey. 

Longsight 

...Birch Lane 

..Mr. W. E. Rjms. 

Ardwuck 

...The Polygon 

..Mr. T. 0. T.anib. 

London Road ... 

...Mayfield 

..Mr. T. 11. Sims. 

ITulrne 

...Embden Street 

..Mr. J. Hart. 

Greenheys 

...Gore Street 

..Mr. A, McDougall. 

Miles Platting... 

...Vickers Street 

.,M>. W. Irwin. 

Oldham Road ... 

, . . Meteorological Station . 

..Mr. Hazzelwood. 

Kevsal 

...Vine Street 

..Dr. Scliunck. 

Ghee than i 

...Temple House 

..Dr. Dyson, 


The character of the weather w^as recorded at'^York Place, 
whilst the direction of the wind and the hours of sunshine, where 
given, are from the* Report of the Medical Officer of Health, as 
taken at the Oldham Road Meteorological Station. 

The results are in all cases expressed in milligrams of iodine 
liberated per 100 c.c. of liquid exposed. 

It^ may be added that we have Actually ascertained by experi- 
ment that the amouiit of iodiiii liberated is proportional to the 
light received ; the solution is nevertheless more affected by the 
more refrangible rays of the spectrum tlian by the less refrangible. 

The rays affecting the solution are almost completely absorbed 
by a solution of bichromate of potash, and also by an alcoholic 
solution of chloroj)&yll. 
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In the experiments which we have taken up our main objects 
were : («) To obtain a comparative measure of the total amount 
of light at various parts of a city and suburban area; {!>) to 
ascertain the relation, between the amounts of light received 
during diffci'pnt seasons of the year. •' 

We desired, further, to make the observations on such a scale 
that it would be possible to determine how far fog, smoke, and 
atmospheric conditions in general, as prefailing in towns, affect 
the results. ^ ' 

Let us first determinp how the light received at any station is 
affected by the direction of the prevailing wind at the time, which 
may either come to tlie station over the towm or from the country. 
Specially adapted for this purpose are the observations taken at 
the Huhne station, which lies rather less tlian half a mile from 
tire S.W. border of the city, and the Oldham Hoad and Miles 
Platting stations, which lie about the same distance from the N.E. 
border. 

Let *1151 now take the average of the results of a number 
of days when the wind w'as from the N. or N.E. points, and also 
those when the wind was from the S. and S.W. points, and 
compare for these special directions of the wind the two stations 
on the N. or N.E. (juarter of the city with that on the S. or S.W. 
quarter. As a mean of twenty days selected at random — 


Wind in 

Wind in 

Average 

S. or S.W. 

N.*orN.K. 

Record. 

Ilulmc gives GO 

3!) per cent, of Didslniry 

49 

Oldham Itiiad ,, 39 

M 

.r)5 ' 

Miles Platting ,, 47 

93 „ 

67 


With tile wind blowing from the suburbs *the record at Miles 
Platting is nearly as high as at Didsbury, double of what it is 
when the wind blows from the city. , Tht same thing holds in a 
rather less pronounced manner for llulme. W /3 can therefore have 
no doubt that it is really the smoke which cuts off our light} and 
this in a very marked degree, ’^he following^ table shows the 
average record jicr day for each station during the’ year September, 
ISlfl.^to .\ugu^t, 1892. 

The results for week days and for Sundays have been collected 
and given separately. 
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* The question of the clearness of tlie air on Sundays as compared 
with the other days is one of interest as affordin^^ some indication 
^ of tlie effect of stoppage of works on Sundays, though we cannot 
draw any conclusions from a direct comparison of these numbers, 
* because it inay so have, happened that the Sundays have been 
finer or duller days than the week days, as tlieT case may bo. If, 
however, we take Didsbury, the station least affected by smoke, 
situated as it is five miles from the centre erf the city, the numbers 
there will indicate more ne^arly how^ far the variations are depen- 
dent on tlie weather. For instance, in September, 1891, the 
average record for week days was 39*6, for Sundays 32*0, showing 
that the week days were on the average brighter in this month ; 
' but if wo take January, 1892, the respective values are 7*2 and 
15*6, showing that the Sundays of January were much brighter 
than the week days. If now we reduce the week-day values for 
Didsbury and the Sunday values each to 100, and calculate all the 
other numbers iu the same proportion— if we find the percen- 
tage which each station bears to Didsbury for week days and for 
Sundays, wo shall have a means of ascertaining how far the town 
stations are affected by smoke and conditions other tlian the 
meteorological. When this has been done it is found that the 
percentages^ which the several stations bear to Didsbury as an 
avci’age of the whole yt^ar arc : — 


Birch * 

on week days 84 

per cent. 

of Didsbury record. 

»» 

,, Smidays * 89 

ft 

f ft 

Longsight 

,, week days 73 

r ) 

ft tt 

K 

if 

,, Sundays 75 

ft 

It ft 

Whitworth Park 

,, week days 65 

t* 

it ft 


,, Sundays 70 

ft 

^ ft f f 

Greenheys 

,, week days 5§ 

ft 

ft ft 


Sundays 57 


tf tf 

Hulme * 

,, week days 49 

>f 

tf tf 

tf 

,, Sundays’ 49 

ft 

#• 

” v 

tt tf 

London Road 

,, week days 62 

• 

»? ft 

,, Sundays 70 

1 1 

* 

tt tt 

Oldham Hoad 

,, week days 54 

tf 

ft ft 

ft tf 

,, Sundays 61 

tf 

ft tt 

Miles Platting 

„ w<?ek days 66 

ft 

ft ft 

ft ft 

,, Sundays 71 

ft 
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Comparing these numbers, we see that the atmosphere was foi^ 
the period described iio*clearer on Sundays thaTi week days in the 
districts of Hulnio and Creenbeys, and very little clearer in 
Longsight. That in Birch, Whitworth Park, and Milos Platting * 
(also Kersal) districts the recojd on Sundays is about 7 per cent. ^ 
higher than on we'-ik days; whilst in the distinctly urban districts 
of London Eoad and Oldham Koad the Sunday record has an 
advantage of about 13 j^er cent, over the w^eek day. 

The stoppage of works, the closing of places of business, and 
the general i Movement of the population tovva.*ds the outskirts on 
Sunday therefore clears the atmospherti of the city, but not to 
such an ektciiit as to warrant the assumption that tlie w'orks 
contrilnite the lion's share of the smoke. < 

Perhaps still more striking and instructive is tlie fact that 
London Koad comes out in the results more favourahljy^ than 
Hulme. We must, however, bear in mind that qu;te in the 
heart of the city there is a space about a square mile in 
extent, a triangle having the railway stations at its corners, 
in which there are hardly any dwelling-houses, and, '^loreover, 
the wai’(3liouses and shops which for the most part cover that 
space are lofty, atid consequently the flues from the fires are 
long, and allow* more perfect condensation of smoke. In Ilulrne, 
how^ever, we have liardly any^w-orks, the dwelling-houses are 
mostly low, and built very close together. Tlie comparison is 
an interesting one, affording as^it docs distinct evidence that 
the domestic liousc is a very largo contributor to the smoke 
wdiicli bangs over our towns, but that as the population migrates 
outwards arid the more valuable land in the centre of the city^ 
is taken up by warehouses, (<:c., it may quite w^ell happen that 
the condition of the city arear may become quite tolerable/ As 
further evidence tending in the same direction, it may bo mentioned 
that the city area defined above has been in niany cases durkig the 
past winter, quite ff*eo from fog w^b(Vl districts nearer the borders 
of thS city have be^n envolopofl.m it, this being especially the case 
with the short-lived morning or evening fogs. 

The conclusions which may be fairly deduced from these results 
are : — ^ • 

(1) That November, December, and January \vere by far the 
darkest rnontlis, especially within the city. 
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(2) That the average record in densely populated districts is 
during the winter months about one-lialf#that of the suburbs, and 
it may be added less than ouc-tentli that of a moderately bright 
Ajpril day. 

(3) That the active effect of sunshine (numbers stated in a 

previous reporl) for the suburbs of large tojvns, ,Pidsbury 

and Kew, is in the winter months onc*third of that obtained at 
Torquay. 

(4) That the smoko and haze almost always associated with a 
town atmospliei e, ftven during the brightest weatlier, are extremely 
potent in cutting off tlic chemically active portion of tJie light 
rays. 

(5) That in both 189 L and 1892 the atmosphere has been found 
much the clearest in tlie month of September, a result which 
recciwiS further corroboration from the fact that during that 
montli tli^i amount of oj ganic particles and sulphuric acid found 
has been lower than in any other ifionth. Further experiments 
will shftw whether this is generally the case, 

(6) Tliat the town atmosphere compares most unfavourably 
with that of the country, especially in respect of clearness during 
prolonged periods of high and steady haronioter, when there is very 
little horizontal movement of the air to carry off the impurities. 



ON THE EEACTION OP HYDROGEN WITH CHLORINE 
AND OXYGEN : 

A STUDY IN CHEMICAL EQUILIBRIUM. 

By J. A. IIauker {Dalton Chemical Scholar in the Owens College, 

Manchester), 

{Translated from the Zeii. Phys. Chem.) * 

A t the beginning of the present century, Claude Louis Bor- 
thollet'’’ enunciated his well-known law relating Jto the 
action of mass in chemical systems. His work, however, seemed 
almost to have been forgotten till some fifty years later, when, 
almost simultaneously, Debusf and Bunsen J published papers, the 
former dealing \Vith the case of liquids, while the latter treated of 
gases. 

Since in most cases gases exhibit much simpler relationships 
than liquids, it might have been expected that a generally appli- 
cable theory for the chemical action of mass should liave been 
found for the former rather than the latter. But the opposite 
has been the case. The theory enunciated in 18G7, by Guldbej g 
and Waage, for reversible reactions, soon found application to 
mixtures of liquids and to solutions, while the attempt to apply it 
to gases was met by several difficulties which remained for some 
time insuperable. Bunsen iAvestigated the action of mass when 
oxygen was exploded with mixture^ of hydrogen and carbonic 
oxide ill varying proportions. His results were anomalous. We 
now know that thi^ was due to the fact that one of the gases used 


* C. li. Borthollet. 

t H. Debus, Ueber chem. Verwandtschafl Aim. Chem, Pharm., 1853, vol. 
Ixxxv, 103. 

X R. W. W. liai\soni»Untcrsiicliungen iiber die Chemische, Verwandtschaft 
Ann. Chem. Pharyn.^ 1853, vol. Ixxxv, 137. 
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in these early experiments, viz., carbon monoxide, exhibits a quite 
unexpected behaviour toward oxygen, and that one of the pro- 
ducts of the change, stoam, was removed l)y condensation during 
tljo re 3 action — discoveries made bv TL B. Dixon. 

The tlKM)ry of Guldberg and Waage may be enunciated as 
follows : If two bodies, A and B', react with one another, giving 
A' and B, and if this reaction is reversible so that the two 
opposite changes 

Af B’-A’+B and A‘fB:-A + B‘ 
take place at the sanjo time, then the nmnher of molecules of 
eacli of the bodies remaining at the end of the reaction, wIioti 
equilibrium has been reached, viz., 

will be given hv the equation 

P pi 

• / 

where denotes a constant quanPity called the “co-eflicient of 
allhii^'" for the particular system of bodies. 

This is not absolutely constant, but changes with temperature, 
pressure, and other external conditions. The linlits between 
which it remains constant for fluids an^, however, generally 
tolerably .wide, while for gaseous systems almost every observa- 
tion gave a new value of the constant. 

A. llorstmaun'*^ found th<3 reason of this irregularity in the 
water vapour present in th«*. gases used, and showed that the 
same values for the co-onicient of aflinity were obtained in 
different tjxperiments if the gases were dried, and the same 
quantity of oxygen was added to a delinite volume of the two 
combustible gases, mixed in any ratio to one another. 

• H. B. Dixon, t in a research •which he began about the same 
time, and witliout having heard of Horstmami’s results, showed 
tluiK; welhdned carbonic oxide burfis wuth oxygen only with great 
difficulty, and tliat consequently tlic process so often studied is 
not, as was believed, a mere contest hetwecK the two conXmstible 

f * « 

rogen, for the ^oxygen pi-esent, but 
Jrhat the latter goes at first entirely to the hydrogen, and only 

* Veykandlung (ks JSIalurhiU-medh Vcrcins zu Heidelberg, 1877. aud 
1878; Liebkfs Ann., 1878, vol. exo, 2:38. 

t Phil Tra7i3. Hoy. Soc, London, 1884, GIU. “ The Conditions of Chemical 
Chao^o in (iasoa/* 
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after the production of ^teaiu can the carbonic oxide burn by 
means oj^ a secondary reaction with the steam formed. This 
reaction is reversiV)le, and therefore can bo brought urufer the 
Guldberg-Waage law. Experiment showed, liowevor, that for 
the law to be generally applicable to this case, it was necessary 
that (1) the temperature must be kept at such a h( 3 ight that all 
the water formed may remain, in the gaseous state, and (2) that 
no more oxygen is added than is necessary foi* the formation of 
the water taking part in the changd; for with excess of oxygen 
the reaction goes on in presence of a ga.^s (oxygen) inert to the 
other three, CO, CO.„ and TI./3. 

For the condition of e(]nilibrium, 

i^CO |-/CO,f.yir,+^/TLO, 

the Guldberg-Waago ecpiation was contirujed, and the constant 
found to be or, • 


and 




It seemed of interest to investigate a second case this 
equilibrium in mixtures of simple gases ; therefore Dixon and 
myself began some preliminary experiments on the case of the 
distribution of hydrogen between oxygen and chlorine. This 
reaction liad preViously been studied by Botsch. In his inaugural 
dissertation presented at the University of Tiibingein in 1B82, and 
published in Liebu/s Aniialen ccx, 207, ho stated, that when 
hydrogen mixed with oxygen and excess of chlorine is iired in a 
closed eudiometer no steam is formed in the combustioii, but all 
the hydrogen is burned to hydrochloric acid. Schlegcl, in 1884, 
working with an improved apparatus which avoided Botsch's 
chief sources of error, extended the observations to hydrocarbons 
CHi, CJI,, C,H,, and other bodies such as (CTJ,),0, C,H,Cl,.(tc, 
He obtained a similar result. Botsch’s statement with regard 
to mixtures of liydrogen* chlorine, and oxyg’tn, we found fp be 
incorrect. Under the conditions under wliicli he worked the 
quantity of water f<>rmed would, however, as is shown later, be 
certainly too small, to be detected* by the method he used. Our 
results are published in the Manchester Memoirs, 1890 (iv. |, vol. iii. 
When a jnixture of 40 vols. hydrogen, 40 vols. chlorine., and GO vols. 
oxygen are fired at the ordinary temperature and pressure, a con- 
traction of about 1(1% is produced. This is chiefly due to the 


* See p. 302. 
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formation of a considerable quantity of stpam and the condensa- 
tion with it of some of the hydrocliloric acid produced at tjie same 
• time. The amount of the steam found varies with the area of the 
^ cooling surface to which the gases are exposed in the explosion, 
and so with the shape of the particular vessel used. * , 

After we had made a communication on our experiments to the 
British Association at Newcastle, in 188{>5 a paper by Messrs. 
Ilautefeuille and Margottct appeared in 'the Gom/ptcs Bciuhts, 
1889, and a second, paper in*the Annalcs de C hi riih et Physique, 
vol. XX, 1890, in which the authors described experiments which 
agreed closely with our own. Their explosion vessel was, how^- 
^ ever, not heated to prevent condensation of the steam during the 
reaction — a precaution found to be necessary in the similar experi- 
ments with carbonic oxide, hydrogen, and oxygen. On account 
of othc^r work our experiments were allowed to remain at this 
stage till I resumed them in the university laboratory of Tubingen, 
in 189 L. Before proceeding to investigate a case of equilibrium 
such as This, it is necessary to study each of the several reactions 
which take place simultaneously in the explosion, and to ascertain 
whether these reactions are direct’ —that is, take place without 
the intervention of a third body. In this case tfuc possible re- 
actions are §ix in number. 


(1) The synthesis and decompo- 

sition of water 

fl- 

(2) The synthesis and decoinpo- 

sitioti of liydrochloric acifl. 

(3) The secondary reactions bc- 
* tween the various produefs 

of combustion 


2H,+O,=2n,0 Hi) 

2n,0^2H,-}-0, 1(2) 

H,+C1,==.2IIC1 1(3) 

2HCl-n,+CIa )(4) 


^4Hgi + O, = 2IL,0 + Cl, ) (5) 
*2H,0+2Cl,=:4HCl+oJ (6) 


Fiust Beaction: 2H,+0a=:2K,0. ' 

Dixon* has shown that the minimum pressure under wdiich 
kn^llgas will explode is the same when dry as w^hen saturated 
with.aqucous^vapour. It is thus probable that this reaction is a 
direct one. 


riul. Trans,, p. Sec also Trans. Cliem. Soc., vol. ISB, p. 101. 
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Second and Fourth Reactions : Dissociation of ILO and HCl. 

As x*egards those reactions, it is known that the quantity 
of hydrogen left over in an explosion of this gas with excess of * 
iihnost any other with which it combines, under ordinary circuin- # 
stances in. a eudic-meter,''' is exceedingly small, indeed is scarcely 
measurable. 

It is also shown iif^thc following scries of experiments that no 
hydrogen remained over from the exj.)losion, with the exception of 
the experiment No. IB, where the mixture contained a very large 
excess of diluent gas, and was very near the limit of oxplosibility. 
In this case it only amounted to c.c. The permanent dissocia- 
tion of steam and hydrochloric acid may thus be considered . 
as not taking place in those experiments. 

Third Reaction: IIj+CL- 21101. * 

In the case of chlor-knaUgas it was discovered independently 
by Pringsheim {Animlen, 1887, N.F., xxxii, p. 421), arid Dixon 
and the author (Zoc. ciZ.), that the dryness of the mixture made a 
considerable difference in the combination of tlic gases by light. 
According to our experiments the mixture, when thoroughly dried 
by phosphoric Anhydride, requires twenty-live times the amount of 
light to bring about its explosion as when saturated with moisture. 
On the other hand, we never succeeded in obtaining a mixture 
which could not be fired, even by a feeble spark, though in several 
experinumts the drying was prolonged in the dark for several 
weeks. It is therefore probable that after the gases have once 
been raised by a spark to a high temperature, tlie reafjtion between^ 
hydrogen and chlorine proceeds directly. These conclusions with 
regard to ( 211 ^+ 0.25 (II 2 +CI 0 ) arc also confirmed by rxcont 

work on the rate of propagation of the “explosion wave” in 
mixtures of these gaseS. In both cases aqlieous vapour present 
only acts like any other inert gas, slightly diminishiiuj the rate, 
and not, as in the combination of carbonic oxide and oxygen, 
playing an important part in the' reaction. The numbers obtained 
were 1745 metres per second as the velocity for the dry gas, 

* The words “ in a eudiometer '' are here purposely inserted because it was 
found by Dixon and Smith (Manch. Lit. mid Phil. Proc.y 1888, vol. ii) tliat in 
the “ explosion wave ”‘*an appreciable amount remained unbunit. In a very 
mriow eudiometer this is also the case. 
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while when saturated with a(iueous vapour ^t 14^ the mean number 
found was 1720,* For carbonic oxide and ox 3 ^gen, on tl,ie con* 
•trary, the rate found for the well-dried mixture was 1264 metres, 
whereas when saturated at 20*^' it was 1703, an increase of about 
^30%. 

Fifth Ee action ; 4IIC1 + 0^ — 2 11.^0 + 2CL . 

This reaction represents the change which is founded 
the well-known Deacon’s process for chlf)rine manufacture. To 
SCO if it takes placfc at the temperature of the explosion, the 
following expejimeat was *niade. A mixture of equal volumes of 
hydrogen and oxygen was mixed by diiTusion in a glass vessel 
•with a known volume of dry hydrochloric acid gas free from 
chlorine. When tlioi’oughly diffused the mixture was exploded by 
a si)ark, the products of combustion being driven out through 
potassium ipdide solution by a current of air. About 3% of the 
chlorine of the hydrochloric acid preS'ent was set free, showdug 
that at tempGraturc of the explosioUy oxygen abstracts hydrogen 
from hydrochloric acid. 

Sixth Eeaction : 2H,0-f Cl,--.4nCl+0,. 

The last reaction w'as tested in the follows* ng w&y, A strong 
bulb of glass, provided with a narrow graduated U -tube gauge 
containing boiled oil of vitriol, was one-third filled with distilled 
water. Chlorine was then passed in for two hours through the 
water, the bull) being meanwhile heated to about 80" C., at which 
temperature tiie tension of the aqutjous vapour present is approxi- 
^natcly equal to that of the chlorine. The apparatus was so 
constructed that no absorption of chlorine or IICl could take place 
at thft surface of the which*was separated from the gas in 

the bulb by a column of nitrogen. The air bath used to heat the 
bulb CDuld be ^cousid?ired as perfectly constant during the short 
time the experiment itself kitted. The chl(>rine stream being 
interrupted and the inlet tap closqd, strong spurks from a krge 
induction coil, intensified by a Leyden jar, werQ* passed through 
the ^mixture by moans of platinum-iridium wires. A rise of 
10 mms., corr(.»>ponding to a diminution of pressure of about 0*2%, 
took place after sparking the mixture for four minutes. This 


♦ These are tlic corrected numbers - H. B. D. 
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diminution, which arises from the absorption by the water of the 
hydrocldoL'ic acid formed, is proportional to the time of sparking. 
In half an hour an absorption of 3 or 4 % can readily be obtained. , 
Chlorine and aqueous vapour arc therefore capable of react iinj at a 
high temperature, giving hydrochloric acid and oxygen. * 



Method op the Eeseakoh. 

The methocl I at first attempted to use for making, exploding, 
and analysing mixtures of hydrogen, chlorine, and oxygen was 
that brielly described in the above-mentioned j^appr {Manchester 
Memoirs |iv.J, vol. iii,, 18U0). Xlie apparatus, shown in Fig. 1, 
consisted of two bulbs of thick glass, holding 180 and 140 c.c. 
respectively, each of which was provided with firing wires of 
platinum-iridium. The bulbs can be connected by^ncans of tluj^ 
three-way tap B, having its straight bore very wide (10 mms.) to 
allow of rapid diffusion. The smaller bulb a is closed at its^othor 
end by an ordinary tap A, and the larger, by means of a three-way 
tap can be put into commimication eitHer wdth the ah’, or a 
tube 600 mms. long, which is graduated into millimetres, and bent 
dovvA at right angles to the axis of the bulbs, so that it stands in 
a vertical positiop. One bulb is then filled by displacement with 
the mixture of hydrogen and oxygen in tlie recpiired proportions, 
and the other by chlorine, the bulbs being shut off fn\m one another, 
and both at atmosplieric pressure. The space between the three- 
way tap C and the surface of the liquid in the barometer tube 
(sulphuric acid or mercury) remains during the whole experiment * 
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filled with air, or other inert gas, and, consequently, no absorption 
of chlorine can take ])]aco in this tube. The bulbs are thvn put 
bito corun I unication for some hours in the dark, and then, after 
^he temperature and pressure have been read, the gases are fired 
by a spark fiom an induction coil. The contraction is then 
determined by tire rise of the mercury in the barometer tube, 
which occurs on opening the tap C to connect the gauge with the 
bulbs, after they arc cooled to atmospheric temperature. 

After finding thaj» a divisibn of the hydrogen between the 
chlorine and oxygen real|y takes place, the next step was to 
repeat the experiments under such conditions that no conden- 
sation of the steam foinied could occur during the explosion. 
This apparently simple problem offered, however, very many 
experimental difllcuUies. The first method tried was to heat the 
larger ol^the two bulbs h in an air bath to about 110'^, and explode 
at that tcm]ficraturc. For this purpose^a rectangular air bath was 
constructed so as to completely suiTOtind the bulb, the two tubes 
leading to'‘fche taps projecting about 1 cm. on each side through 
holes in the walls of the air bath. The difficulty consisted in 
getting those two tubes to the right temperature. If too cold, 
water condensed during the explosion, and the whole experiment 
was worthless. If, on the other hand, they wore made hot enough, 
to prevent condensation by being wrapped with sheet asbestos, it 
was not possiblvj to prevent a leakage of the taps, due to the effect 
of heat on the lubricant. The Haps were of the specially good 
workmanship of F. Miiller of Bonn, and were from time to time 
carefully ]’egrqund. Many lubricants, including sulpliuric and 
syrupy phosphoric acids, were tried, but without success. This 
method of mixing the gases by diffusion, whmh had also the 
disadvliutago that it took about twelve hours for completion, was 
accordingly given up. ^ 

Aftc^* many further experiments, wliicli it is not necessary to 
describe, the following apparatus (Fig. 2), thoifgh possessing the 
disadvantage of being somewliat ^omplex, v^as* found to answer 
the required purpose, A B is a eudiometer of strong glass, liaving 
firing wires of ijlatinum-iridium. This alloy is jjuich less easily 
attaclced by clik)rlne than pure platinum. The eudiometer could 
be heated to a uniform and constant temperature by a small 
vortical air bath on the principle described by Prof. Lothar Meyer, 
"‘in Bvnehte (Uy Deutschen Ohem. Gen, xvi, a 1087. It consists of 
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three concentric cylinders, between which the products of com- 
bustion, from a ring burner circulate up and down, maintaining in 
the middle a constant temperature, and escaping through the* 
perforated lid covering the upper aperture. Tlie capillary tube of 
the eudiometer passes out through the lower opening, which is 



Fig. 2. 

• . 


closed by two semicircular doors, working on pivots. As it was 
desirable to Jiave the same temperature in the air bath in all, the 
experiments, and as this is, under ordinary circainstances, not 
easy to adjust, the following arrangement was made for the 
purpose. The gas supplying the burner was passed through a 
Moitessier’s glycerine gas regulator, which kept tlie pressure 
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constant, then through a taj) provided with a long pointer moving 
on a scale, graduated i?ito degrees. A table was made once for all 
o| the temperatures readied in the air bath with the particular 
burner used, when certain weights were on tlie regulator, and 
\^hen the tap vvas adjusted to a certain angle. It was thus easy 
to obtain any constant temperature required in a very short* time. 
To the lowxM’ end of the eudiometer, which, in most cases, had a 
capacity of 55 to 60 c.c., was fused the capillary three-way tap G, 
One branch of this tap coinmiuiicated with a U tube containing 
potassium iodide solution, and through this with the air pump; 
and the other with a second three-way tap D. The vertical 
branch of D was connected by means of a carehilly ground glass 
joint with a double-limb manometer, 800 mm. long, and having 
both limbs graduated into millimetres. By means of a side piece 
an<J flexible tubing, communication could be made between this 



and a \l'.ssel containing mercury, whmh could be firmly clamped 
at any iieight. Since, in each experiment, the pressure of the gas 
let into Hie endiynictcr*had to be adjusted, tfiis mercury reservoir 
was purposely made very wide, sn that the level of the mercury in 
it remained almost unaltered. With,, this fonn manometer ^no 
correction for capillarity is required, since the nutfiiscus in each 
limb Js of the same form. The readings were made with a 
telescope at a distance of one to two nicti'es. The horizontal 
branch of tap 1) leads to a third tap, through one limb of which 
the hydrogen and oxygen nnxture is brought iti,„while the other 
serves as outlet for chlorine. To the same glass joint to which 
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the manometer was fitted, was ground the upper paj t of the vessed 
shown in Pig. 3, usetf to collect and measure the chloriiio. This 
consisted of a U-sliaped tube, M N, having an inlet tnl)o with ta^) 
1\ and both limbs graduated into millimetres. The tube U, in 
Fig. 2. 200 nuns, long, and provided with six bulbs, contains 
about* 8 c.c. of a saturated solution of potassium iodide, and 
in the upper bulb, on the side nearer the pump, a foAv pieces of 
solid potassium iodide, moistened with \vator. The tube so 
arranged was found to work adpiirably, and no experiment was 
lost tliroiigh failure of this to absorb all tlu?r(?sidual clilorine. In 
the earlier experiments a Sprengel air pinnp was used to pump 
out all the residual gases, but this was aftei wards changed for one 
of the Tocpler pattern, which did its work in a much shorter time. 
The preliminary cvacuatio?i was always* made wuth a good water 
pump of the form described by von Babo, with wdiich a ijitssulc of^ 
about 20 mins, could easily bo reached. 

Pui^rvllATION OP THE GaSKS. ^ 

The mixture of hydrogen and oxygen was prepared by elec- 
trolysis and stored in tlie apparatus represented in Fig. 4. The 



Fih. 1. 

Dreschers wasli bhttled, lul\»ing ground delivery tubes, the longer 
of which reaches just below the neck, is pi'ovided with platinum 
electrodes in communication with the landing screws a fimVb. To 
the longer delivery tube of the similar vessel B, is fused a Avide bell- 
shaped tube, reaching almost to the bottom, Tlirougli tiro stopper 
of this bottle is fused in the same way a second pair of electrode^i, 
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olae being in the upper part of the bell, and the other outside it. 
These electrodes arc in communication wfth the binding screws 
6 and c. The gas generated in the bell passes through thS small 
Vashing apparatus D, and is then mixed with that evolved from 
For the connection of the various parts of this and other 
apparatus, without the use of india-rubber, the glass joints invented 
by Prof, von Babo, and shown in Fig. 5, and at E, were found 
very convenient. 'J'hcy consist of two circular ground-glass plates 



f 


pierced in the centre each with a small hole and fused to the glass 
tubes to Ik; connected together. The plates are greased with a 
little fat and then pressed together by means of the small brass 
clamps provided with two nuts, a and h, shown i]i Fig. 5. The 
great advantage of these joints is that any two tubes »so fitted can 
bo connected* together, while with the ordinary joint only the 
particular ones which have been ground to one another. 

The apparatus for drying the gas consisted of a small Winckler 
worm with ILSOi and a U tubb filled with pumice moistened 
with boiled sulpliuric acid. Hence the gas passed by a tap either 
out into the or was collected in the pipette FG, filled witli 
iiTercury. On tlio surface of the mercury were several pieces of 
fused potash, which served to free the gas from^any trace of acid 
spray it might contain. In the whole of the generating apparatus 
thcjre were no India- ruljber connections wheiio diffusion could take 
place. Where possible the parts were fused together, and where 
this was inconvenient, they werc'coiinected by ground-glass joipts. 
The apparatus thus once filled withigas, retjuiiecf only to be kept 
shut off from the air, wlien not in action, no diffusion of the 
hydrogen taking place. By connecting the poles of a battery of 
seven small accumulators with the screws a and 6, a mixture of 
(2H24“ O.J could be obtained ; or, by connecting a and c, a mixture 
of either (4Ho-f O^) or the latter being the one most 
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suited ^to these experiments. The unused gas, in the latter ca& 
hydrogen, passed out through a column of water in the cylinder F. 

» 

Chlorine. * 

It was necessary for these experiments to have dry chlorintr 
free from air and free from hydrocliloric acid. Many inetliods 
with as many different forms of apparatus were tried to attain this 
end, but without sngpess. The gas, when made from manganese 
dioxide, even after previous boiliujg of the in.anganesc with dilute 
hydrochloric acid, is extremely difficult to fvee from air. Large 
quantities of material are required to chive out the air completely 
from conqiaratively small apparatus, and the whole method is 
tedious and uncertain. Bunsen’s method of preparation from* 



potassium bichromate and hydrochloric acid give,s clilorihe free 
from air, but only In comparatively small quantity and with much 
hydrochloric acid, which mush^e removed by washing with water 
and copper sulphate solution. From a proposal made to me by 
Professor Beilstein, I have been able to work out a practicahand 
convenient method of preparing pure chlorine on a^tolerably large 
scale. He suggested to me the use of chlorine hydrate. The 
following apparatAs (shown in Fig. 6) was found to answer the^ 
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purpose admirably, and in it about two hundred litres of gas could 
easily be condensed and stored. The rcfseptacle consisted of a 
strong narrow-nocked bottle, holding about two to throe litres, 

* and iilled almost to the neck \vith distilled water, from which the 

* air had been expelled by boiling. To the neck was ground a 
hollow stopper provided with two tubes, one ^>f which was wide 
and bell-shaped, reaching to the bottom of the bottle. To this, 
which formed the inlet tube, was fused a* three-way tail tap A, 
and to the outlet a second tap.i?. One limb of the latter led to a 
small bulb ai3pai:atus containing about 1 c.c. \vater, and the other 
to the drying apparatus, whicli was fused to it. This consisted of 
a STnall Wincklcr worm with sulphuric acid and a U tube with 

* ground necks filled witli pumice moistened with sulphuric acid. 
When not in use, the end of this tube was closed by a small cork. 
Tlie bottle was cooled to 0'^ by surrounding it with pounded ice. 
A lower temperature must not be used, since in that case the 
inlet tube is immediately stopped up.^ The chlorine was evolved 
in a larg» flask from the mixture recommended by Klason {Berichte 
dev IhmUchen, Ghevi. Oescllsrlmft, 1890, page 334), consisting of 
900 parts by weight of common salt, 400 of manganese, 1,200 
of sulphuric acid, and 600 of water. This mixture possesses the 
great advantage of giving off the chlorine at a very low tempera- 
ture in an exceedingly steady stream, lasting many hours. The 
gas first passed through an eflicient washing apparatus to h*ee it 
from hydrochloric acid, then to & condensing vessel tlirougli a long 
glass tube flexible enough to allow the bottle to be shaken, and 
out to a stone vessel filled with alternate layers of Jime and charcoal, 
4)y the tube C, which contained a few cubic centimetres of water in 
order to show how much of the gas was being ^ibsorbed. Usually 
after *the current had passed for half an hour, very little escaped 
from the bottle, except the traces of air^still remaining in the 
gas. The hydji'ate Cl.j, lOILO forms first as a foam, which consists 
of the pellicles of floating bubbles of chlorine. ' During this stage 
the bottle must be shaken Yiolent\y.. about oiy;je every ten minutes 
to bring this foam down again into the water: After another 
him the hydrate forms as crystals, which remain in the liquid, 

no turtber attention. At any ternpera- 
tuie below 9 C., tlju chlorine can bo stored in this form very 
^ couveuieutly. It h only necessary to set the beetle in wann water 
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to obtain a stream of pure chlorine, which can be regulated with 
ease. After running for only ten minutes, tlui dried gas evolved 
in weafv diffuse daylight contains generally less than 0 2% of , 
impurities unabsorbahle by potash. ]>irect titration of the quantity 
of chlorire contained in a vessel of known contents filled from * 
this apparatus, shbwed that the gas contained no hydrocliloric 
acid. In performing this experiment it is essential that the vessel 
used — ^best in form of a cylinder — be filled from below and have 
its exit above, ff the air be displaced from the tube in a liorizontal 
position, tlie hf^avy chlorine creeps alon^ the Iiottoin, and the last 
traces of air floating above it take several hours for removal by 
simple diffusion. To obtain chlorine by this process absolutely 
free from other gases, especially oxygen, it is essential that the 
evolutio]! from the hydrate take place in the dark. In a clear 
atmosphere, especially in summer, the action of daylight is quite 
evident. On one occasion, in strong sunlight, I have collected 
20 c.c. oxygen from a flask containing chlorine water in twelve 
ininutes. • 

The carbonic acid was made in a Mucncke’s apparatus {DingL 
Pol, Jonrn, cdxcvii, 1884), whicli gives it exceedingly pure, and 
allows the easy removal of the spent hydrochloric acid without 
letting in air. 


Analysis op the CnLoniNE. 

For estimation of the air or other impurities in carbonic acid 
or chlorine, the ap})aratiis shown in Fig, 7 was used. A B is a 
cylinder holding about 40 c.c., having a narrower part botweeji A 
and C, The volume between the taps is ascertained once for all 
by weighhig out with mercury, and the part *4 G is provided^with 
a graduated paper scale reading off directly the percentage vol. 
from 0*5% downwards. ^ The. ta]» C is an ordinary three-way, and 
JJ a four- way, havirijg the bore of the plug in the forfn of two radii 
at rigjit angles to one another, l^ie U shaped vessel containing 
potash solution is fused to one £i/be, and the other is connected by 
india-rubber with a reservoir containing water. The apparatus is 
used as follows : The cylinder is filled with water from and the 
potash solution is brought into the U tube, filling it up to the 
tap B, The gas to be analysed is passed through the horizontal 
tube C. The reservoir F is lowered, communication having been » 
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established between F and the cylinder, and the tap C opened, till 
the cylinder is full of gas, which is at once shut ofl. is then 



turned through 90^, and by gentle pressure from the mouth, applied 
b}' means of a tube attached to f/, a little potash is forced up into 



A B,into wliich it spontaneously further rises as the gas is absorbed. 
When the absorption is complete, B is again^ turned back and the 
' gas ineasurod under atmospheric pressure, The potash is run 
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back, tho walls of the cylinder washed\vith water from F, whicli 
is after\jj"ards run out at B. The reservoir is filled again, and tho 
apparatus is ready for another estimation. With this apparatus 
there is no libtjration of dissolved air from the absovhent litpiids, 
since the {ir(3ssure on the liquids remains practically iho same the 
whole time. 


Mi:ASyHEMENT OF THE OxYGF".N. 

The first series of experiments nmdo with (11, +0) and varying 
quantities of chlorine, aUhough tlie results obtained were not 
otherwise satisfactory, showed tliat the rpiantity of oxygen burned 
in the explosion was extremely small. Now, as the (piantity of 
oxygen left over was always determined as a conti-ol of the chlorine 
determination, it was necessary tliat tho measurement bo made 
with extreme accuracy, otherwise it had but little wovtln The 
method adopted was to collect the oxygen in a tube of tlie form 
sliown in Fig. 8, in which was about 6 c.c. of strong potash solution. 
By nK.'aiis of mercury from the reservoir A attacliod to the gas 
could bo transferred into the eudiomotcir of a Lothar Meyer gas- 
analysis apparatus, and measured under diminished pressure. As 
shown in tho i.iaper describing this apparatus {Journ. CJu^nt. Soc, 
xlv, 581), the error of measurement reaches a minimuwi when tlie 
number of eudiometer divisions (millimetres) is equal to the pres- 
sure on the gas in millimetres of mercury. * 

Measurement of Chlorine. 

The chlorine w\as absorbed by saturated potifssium iodide^ 
solution in the bulb tube previously described, and titrated with 
gVytli normal sodiurn liyposulphito. The burettes used wiut^^con- 
trolled by tlic exceedingly convenient little apparatus of Prof. 
Ostwald (Journ, Brae. Chem.jVci. xxv, 452), t»nd, where necqssary, 
the correction applied. ^ 

-» 

MViTHOD of I^XPERIMKNT. 

The apparatus being all dried with exception of the tubes 
leading to the pump, the experiment was perforni'jd as follpws. 
First, communication was establislied lietween the pump, eudio- 
meter, and manomqter up to the tap on the (Hy+O.,) pipette, and 
these parts were cxliausted as far as possible. Owing to the 
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water necessarily present in the potassium iodide tube, a tension 
of 16 mms. j?enerally remained. Wlien, however, the pump was 
worked quickly, it was often possible to go about 5 mnis. below 
the tension of aqueous vapour at the temperatm^e in question. 
During the* exhaustion tlie electrolysis was set going, and the 
(Ha+O.^) pipette filled witli gas. The tap f ' was now turned so 
as to shut off the pump, and (TL+O-j) let into the eudiometer up 
to atmospheric pressure ; this gas was puifiped out, and tlie filling 
repeated. After a^tliiid eva<!uation the pump was shut off from 
the eudiometer, and pjiro (Ho-f O.) let in up to the pressure 
required, whicli was read off with a telescope on the manometer 
below ; the temperature of the gas also being noted. Taps ( ' and 
D were then closed, aqd the manometer taken away. Tlie. chlorine 
holder, half filled with concentrated pure sulphuric acid, was then 
clainpbd to D ; by means of a rubber tube attached to N, closed 
by a pinch cock, tlie acid in the linj) M was brought up nearly 
to tluj level of the tap P. The glass joint on P, and the one on 
tlie drying tube of the clilorino apparatus, were now connected by 
a flexible glass tube, and a current of chlorine driven in through 
P, and out along the horizontal tube D E K to the analyser 
described. As soon as the gas was pure the tap D was closed, 
tlie acid allowed to fall in My which was thus filled with pure 
chlorine, N being left open to the air. The short capillary tube 
C Dy which contained (IL+OJ, was now exhausted by turning the 
tap C, so as to put C D in coinniunication with the exhausted 
pump reservoir. Taps C and D were then so turned that jiart of 
^ the chlorine ‘In M was sucked up into the semi-vacuous eudiometer, 
wliich was in complete darkness. Before any diffusion of (11.2+ O.J 
could take place they were cloj^ed again, ilnd the difference in 
height of the HaS 04 in the two limbs was read off. The specific 
gravijby of the sulpiiuric acid being* kncfwn, this height could be 
reduced to millimetres of mercury, and added to or subtracted 
from the barometric pressure, giving the totaj pressure of«gas in 
the eudiometer. This being shut off, a cm-rent of carbonic acid, 
which from analysis contained in most cases less than 
impurity, wjls now passed through KEDC and to the pump, 
displacing the 15 rams, of (Hj+Oa) which remains in this part. 
While the tubes from G to the pump are be^ng completely filled 
with COa, and exhausted as far as possible, the air bath is heated 
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to about 115*^ C. and the explosion made. The oxygen tube is now 
put over the delivery tulJe of the pump, and the taj) C very slowly 
opened. The chlorine and hydrochloric acid are absorbed in the 
U tube, and a mixture of residual oxygen with carbonic acid 
passes on,. and is collected. When pumped out as far, as possible, 
carbonic* acid is let into the still hot eudiometer to about half 
an atmosphere pressure, and again pumped out, bringing with 
it the residue of gases* that remained from the first exhaustion. 
After repeating this, no measurable* residue, other than carbonic 
acid, remained in tlie eudiometer. 

■» 

The U tube is then washed out, and the solution titrated with 
sodium hyposulphite ; the oxygen is transferred from the collect- 
ing tube to the gas-analysis apparatus, and after two or three 
hours its volume read off. In many cases a complete analysis of 
the oxygen was made by exploding with hydrogen. This shovred 
whether any liydrogon remained over from the explosion • In only 
one instance, Exi)t. 18, was any hydrogen found in the analysis. 
As it was desirable to vary the pressure under which th(f mixture 
was fired, an arrangement for reducing this below the atmospheric 
pressure was made as follows : A large bottle luiving a ground 
stopper providc^d with two tubes, one of which leads to the bottom 
of the bottle, was connected by a tlircc-way tap witli a.manometer 
and vacuum pump. The pressure in this was reduced durirjg the 
warming of the eudiometer to a trilic below what was desired in 
the explosion, and as soon as the air bath had become constant 
the pressure in the eudiometer was equalised witli that in the 
bottle, wdth which it was connected by a short pjpee of strong 
rubber from the tap I), The chlorine wliich escaped was nolf 
allowed to come int« contact wdth the mercury in the gauge, since 
it remained at the bottom of the bottle, which holds at, lea*st 10 
litres, till the reading qj* the pressure was niadc, after which it 

was immediately driven out by a stream of air. ' 

« 

The results of all the experiments are given in the following 
table, and the accompanying diagram, Eig. 9, in which theabscisstu 
represent quantities of chloriuo in the mixture, and the ordinates 
hydrochloric acid formed. 

In all these experiments the quantity of oxygen used was equal 
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to the hydrogen, and the sum of both was for convenience sake 
always called 100 vols., the quantities of chlorine added varying 
.from 10 to 95 vols. It was not possible to study the e*ffect of 
variations in the proportion of oxygen, since, if it was diminished 



Fio. nr 


to half tire hydrogcrv the qiiantiljy of. staaiii formed became so 
small, and tho^crror of its determination so proportionally large, 
that no conclusions could be drawn froin the experiments,''* jyhile 
on the other hand, if the oxyged were inefeased, the limits of 

expiosibility were soon reached. Putting, then, fl,+O2-100, the 

« 

In my experiments with hot eudiometer, less steam is formed than in the 
series made by MesarB. ilautefeuillo and Margottet, in which they wore able to 
•use Hg+0. ^ 
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diagram, Fig. 9, shows the increase in the quantit}^ of the hydro- 
chloric acid formed in \he diflercnt experiments with increasing 
chloriuS. 

Consideration of the Individual Experiments. • 

» • 

Dixon has sho^n that in cases of this kind, the pressure under 
which the gases are lired exerts an inlluonce on the relation 
but that beyond a cerisain crucial pressure, this influence becomes 
less than the experimental error* zVs a determination of this 
particular pressure would necessitate many special experiments, 
and would possess, moreover, comparatively little interest, 1 
thought it desirable to make all tlie experiments at a high pressure, 
and only determine whether a variation of pressure somewhat 
greater than might occur accidentally in a series of expcriinents, 
made any alteration in the relation. It was found, however, tluit 
with mixtures containing less than about 70 parts of chlorine to 100 
Ho-fO.., the pressure developed in the explosion was so, high that 
the eudiometer was generally broken. Accordingly, after making 
the experiments numbered 7, 8, 9, 10, 11, 13, 10, 17, 18, at about 
1000 mrns. pressure, experiments 12 and 15 were made at atmo- 
spheric pressu|*e, showing that witliin the limit.s of experimental 
error, an alteration of pressure from 1000 to 720 mr/is. makes no 
difTcrence in the rcjlatioii. Experiments 5 and 6^verc now made 
at atmospheric pressure. On further reducing the (quantity of 
chlorine present, the same dilliculty with the eudiometer was 
again encountered, and it was evident that if the series was to be 
completed, a further reduction of pressure would-be nccessaiy. 
Comparative (jxperiments were again made to see if this waS 
allowable, and on tins proving to be the case, experiments 1, 2, 3, 
and 11 were made at a jiressure of somewhat over 500 mms. In 
experiment 4, which viias the \ast, the cudjpmetcr was risked at 
1000 mms., and did not break. The result seemed* to show that 
in this ease the donhluig of the flressure has no influence. Tlie 
experiments could not be carriid further in the other direction — 
that is, with mole chlorine than 95 vols., since in experiment 18 
tlie explosion was extremely weak, and traces of hydrogen remained 
unburnt. ^ 

In order to sec if the Guldbcrg-AVaago law liolds for these 
experiments, the qbantitics of IlCl which should be formed with ^ 
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quantities of Cl varying from 10 to 100, was calculated in the 
following way. For a general ease this is done as follows : 
Let the quantities of IL+Ojj oach-^P, and the varying quantity 
of C1 = Q, and let the state of equilibrium be represented by the 
Equation : — 

2)0^+P^IL0+7C1,+7'I1C1. * 


From the Guldborg-Waagc relation we then have : — 


Also 


V\ <I 



= P “ (Oxygen) (2) i- 

y + = P (Hydrogen) (3) 

fl + i'l' — Q (Chlorine) (1), 


By elimjinating from (1) p, p' '/ "c get Iv-— 

r 


(2P-f-7’V 

(2Q-;/')(2P- 


?) 


Solving this quadratic for 7’ we get ^ 

, P /1 i K'^) + K”-g± v'|P(l + K*) + K'^Q|M (1-^ 
^ ■ - ■“ ■ (K'-iT - ■ 


The moan of one or two experiments gave K’ -25 nearly ; so 
in order to see how the experiments agreed with tlie theory, 
the whole curve representing the variation of the* hydrochloric 
acid with the chlorine was calculated for K^--25. Sotting this 
value and P=,50 into the above equation and simplifying, it 
becomes : — 

, 1300 + 25Q + v'( 1 300 + 25Q)= -l2(),OObQ 

^ - ■ 24 

«. 

Ill this, tlie values for Q from 10 to 100 were substituted. The 
lesser root, that is the ojio with the — sigix is the only one 
possible in this case. Since the curve, the uppcj* one on the 
diagram, agreed prett^v well witli Jthe inejv^ of the observations, 
the value of li- was then calculated for each exj)eri]nent. The 
results are shown in the following table. Frojn tluj well-known 
formula, the probable error of tkd mean of the whole and of a 
single observation was calculated, giving for the ' former 0*6, and 
the hitter 2*6. 


• ScG Stewart and Gee, Practical Physics^ vol. i, or J^ohlrausch, Leitfaden 
<der practischen Physik. 
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Table. 


No. of 
£!cpt. 

K* 

Deviation from 
Mean. 

/Deviation fromV 
\ Mean. / 

1 

28-8 

+5-8 

33-64 

2 

27-6 

+4-6 

21- 16 

A 

23-3 

+0-3 

a 

o 

8 

* 

4 

20-4 

-. 2-6 

6-77 

5 

^20-1 

-2-9 

8-47 

6 

* 26-7 

+3-7 

13-69 

7 

26-2 

+3-2 . 

10-24 

8 

261 

. -|•3•1 

9-61 

9 

15-6 

-7-4 

54-76 

10 

290 

+6-0 

36-01 

11 

21-9 

-1*1 

1-21 

12 

22-6 

-0-4 

0-J6 

13 

22-5 

-0-5 

^0-25 

14 

16-2 • 

-0-8 

46-24 

15 

22-4 

-0-6 

:o-36 

16 

19-4 

-36 

12-96 

17 

20-0 

-3-0 

9-00 4 

18 

25-2 

+ 2-2 

4-84 

Siim = 

-4140 

8 values : >* 23*0 

•269-48=8 

Mean = 

-2300 

10 values - : 23 0 


Probable error 

of mean 

of whole = ± 0' 67 45 

= ±0607 

^269-48 
'V 17 X 18 

Probable error of a 

single experiment — ±0-0745 

^269-48 

V 17 



==±2-577 


* K“ 

=23-00±0-607. 



An attempt was njacle to compare the experiments with the 
law in another way, as follows : By differentiatiiig tlie liquation 

se,tting^^^:=:0. aud simplifying, wo gob a 
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* Now, by substituting in this equation the value for Q and the 
corresx^onding for each experiment, we get? a scries of values for 

which should agree with those calculated from the experiments. 


For oxaniple, if Q, as in Expt. (2) = 30*63, then calc. = 1*79. 




P'or Expt. (2) (1 


13-26 


and 


‘■i) ^ 7-28 
^( 2 . -.. 3 )==.“-^ 


= 1-82 


1*66 


(IQ “ 7-20 

The mean of thes^, wliicli is the truf3 value for (hfldQ in Kxpfc. 
(2), is 1*74, which agrees fairly well with the calculated value 1*79. 
1'lie values found by this method agree tolerably well with tljc 
calculated when Q is very small and also when it is large, that 
is, when t/ ai)proaches 2Q*and 2P respectively ; but in the middle 
,the agreei^ient is much worse. 

Tlie concJ\ision, then, from these experiments is : — 

(1) If to a mixture of oxygen and clllol^ne, hydrogen iiisulhcient 

to combine with both he added, and the jnixture exploded, 
a divis'ion of the hydrogen between oxygen and chlorine 
takes place ; and 

(2) The quantity of each of the products of combustion formed, 

provided^ they remain witliin the sphcj e of action, is such 
that the number of molecules of liydi’ochloric acid, mulLiplied 
by that of , the oxygen, divided by the number of molecules 
of steam, multiplied by tha^t of the cliloiinc, is a constant 
quantity, which in this case = 23*00. 

In conclusion, I must express my sincerost thanks to Profs. 
L< 4 thar von Meyer and Harold Dixon for the kind help and advice 
given to me in this work, and to the Government (1 rant Committee 
of the lioyal Society for aid in procuring the required apparatus. 



THE DURATION OF OHEMICAU ACTION IN THE 
EXPLOSIVE COMBINATION OF GASES. 

By G. S. TuKi’iN {Bishop Berkeley Fcllpio at the Owens College). 


rKKrilMlNAKY EsSAY ON THK CONDUCTION OF ElK^TIUCITY 
* HY GaSKS. 

TX^E aro still far from a clear mechanical tJicory of *1110 passage 
^ ^ of electricity through gases, but of late some important 
advances tovvai’ds the solution of tliat problem liave been made, 
and. as the li^tter part of this paper assumes tlie ti uth of a par- 
ticular hypothesis based upon recent work in tliis direction, it 
seems well to give a brief discussion of the (|nestion as a pre- 
liminaiy to the consideration of the subject proper of my essay. 

It has long been known that whereas gases at ordinary 
temperatures are practically perfect insulators for differences of 
potential below certain limits, on the other hanr], hot gases, and 
especially ilainos, are able to conduct electricity, howevei* sm^ill 
the E.M.F. l>etw(ieii the electrodes. Tbitil (juito recently tlic ex- 
periments on hot gases laid not been extended beyoJid tlie ordi- 
nary simple gases; JjJ. Besquerel, and, later, Blondlot, sliowcd 
that air begins to conduct slightly at about a red* heat, ilnd that- 
the .conduction does nob exactly^ follow Ohm’s law; Hittorf and 
others proved t+iat *mercury Hxipour at 300'^ docs not conduct, an 
observation wMch is of special importance. J. J. Thomson has 
quite lately investigated a large number of gases and vapours, 
and finds that while air and most simple gases pcAssess only vex’y 
slight conductivity even at a yellow heat, other gases have conj- 
parativcly enornfous conductivities, and those gases aro those 
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which are in a state of dissociation at the temperature of experi- 
ment. The exceptions are mercury vapour* and steam at 1500°, 
which do not conduct although in a state of dissociation, but 

t 

these may bo explained by the dissociation beiuj^^ conipleto in tho 

c» 3 e of mevenry, and by the absence of free atoms in the ^casc of 

steam. We arc thus led to the conclusion that conduct but 

feebly even at Jiigh temperatures unless we have chemical action 

attended by tho production of free atoms taking place. Tlie case 

of mercury vapour shows {sec, however, J. J. Thomson, Phil, Marf., 

May and June, 1890) fihat the presence of free atoms is in itself 

not sufficient, and the non-conductivity of steam at 1500^' shows 

their presence to be necessary. Conduction in flames can be 

plained without introducing any additional qualifications; the 

oxyhydrogen flame conducts, thougVi steam at 1500'* docs not, 

})Ccauso w have in the flame the incessant decomposition of 

molecules, sa that free atoms are always pi^escnt, though any 

individual atom soon contrives with some otlier atom to form a 
% 

molecule. The only difliculty in this connection is to explain the 
observations of Giese (Wied, Aim, xvii, pp. 1, 236, 519, especially 
§§ 54-61), which Show that not only the flame itself conducts, but 
also the products of combustion issuing from the llijinc, though 
their conducting power is very small and rapidly diminishes with 
the time. These observations prove that the abnormal condition 
brought about by4:he process of combustion reverts only gradually 
to the normal. Giese himself supposes that free ions bring about 
conduction in flames, and, therefore, that the products of com- 
bustion still contain an excess of free ions above the small 
pr(fi’)ortion corresponding to their temperature. The hypotliesis 
here developed considers the pjcscncc of such iOiis to be insulfi- 
cient, and points to the somewdiat improbable conclusion (diffiudng 
but slightly from Gicse'^) that in the, burnt jfxses a few molecular 
disruptions are occurring; in fact, that chemical action is not 
yet complete. It must be observed that Giese’s method of experi- 
ment is extremely delicate. ♦ ‘ ' 

Gases become conductors under other influences besides that 
of a high temperature associated with molecular disruptions, 
viz., under the* influence of the electric discharge. Schuster 
and Arrhenius have found that a gas through which an electric 
djscliargc is passing is endowed with conducting* power even for 
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the snmllost E.M.F, 13ut here, too, we have molecular disruptions 
taking place associated with a low average temperature of the 
molecules. , 

The essential condition for electrical conductivity in gases is, 
then, the occurrence of molecular disruptions, a)uhthat is also the 
state favourable to luminosity in gases. Ilittorf and Siemens 
have slunvn that tlie luminosity of ordinary gases, even at vcay 
high tejnperatiires,* such as those of melting iridium, or of a 
Siemens regenerator, is very stiiall, whereas many Haines (in 
which no solids are present) are very Iniglit tVioiigh their tem- 
peratures are lower tlian those mentioned, and under the influence 
of the edecti’ic discharge gas<es hecome luminous at very low 
temperatures. Tlie effect on luminositj^ may bo attributed to the 
oscillations of the electiic charges of the atoms set up by the 
rapid separations, and it is not impossible tliat the.^cj edectrit^ 
oscillations may influence the power of tlie atoms US bring about 
conduction, though it is not clear what would be^ the precise 

mechanism of such action. * 

» 

Anotliei- cause whicli might possibly condition electric con- 
ductivity in gases is tlie electrification of tlie atoins induced by the 
disruption of the molecule in an electric field. Sucli charges 
must be induced if the atoms constituting the molecule were in 
electrical contact, and though the phcmoinena of electrolysis show 
that tlie atoms in a molecule may possess iim^ual or opposite 
electrifications, having regard' to tlie complex stj*iicture of the 
atoms made evident by their properties, it does not seem impossible 
that they may be in one respect in electrical coiUact witliout the 
fixed atomic charges being divided. A rough calculation shows 
that the magnitude of the effect would be siillicient to account for 
the observed conductivities, provided the capacities of the atoms 
are mucli larger thar# tho^e of conducting spheres of the same size, 
and the frequencies of the electrical oscillatiofis of the atoms 
indicated by the. vibration frequencies of the light omitted by them 
point plainly to ilio truth i3f tliat supposition. It seems not 
improbable that this same effect of charges induced by the electric 
field on the parts into whicli a molecule is decomposed' might 
explain the observations of Boguski {Zeitsclirifi fur jjhysilcalischc 
Ghemie. v, 69) on the variation of the electrical resistance of Ni 04 
with change of temperature. He found that ou treating liquid 
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N 2 O 4 the reaistance undergoes a “ decrease while the 

temperature is rising, but wlien the temperature has become 
steady the resistance is greater at the higher temperature. This 
dynamical decr(3ase of resistance is oiily observed between the 
liinits of temperature within which the dissociation of ]SP.j 04 into 
2N0..J is completed. 

The further development and examination of this hypothesis, 
which is advanced with all reserve, lies beyd'nd the scope of the 
present paper. It is enough thdt experiment has shown that in 
gases electrical conductivity is considerable only when molecular 
disruptions are proceeding in them, attended by the presence of 
free atoms, and in particular that the flame of H. j -0 conducts 
while steam at 1500^^ does not. 

The question whetlier the electrical resistance of flames and 
*' hot dissociated gases obeys Ohm*s law has been answered in the 
affirmative by Hoppe for flames, and ,by J. J, ThoiAson for hot 
gases. Tlie:r experiments were not carried to any great degree of 
accuracy, and illondlot showed that hot air does not follow Ohm’s 
law exactly, but the deviations for tlie better conducting flames 
and gases are at any rate small* 

The Duration of Chemical Action in the Explosive 

CoMlUNATION OF (tASES. 

It has been* shown by Mallard and Lo Chatelior that the 
propagation of flame in an explosive mixture of gases may occur 
in three dilTerent ways, which they entitle uniform propagation, 
vibratory propagation, and propagation by the explosive wave. 
In the first of these the ilame moves with a uniform slow velocity 
which varies in different mixtures from 1 to 20 uietres per second ; 
in the rt^jgime of vibratory motion the flame oscillates rapidly, but 
progresses forward on tLie whole; and in tli\b explosive wave the 
velocity is again uniform, but is very high, being measured in 
thousands of metres per second. In the first period the coirfims- 
tion is propagated by conduction of the heat of the fiame to the 
adjoining layers, while the vibrations are set up in consequence of 
tlie temporary expansion produced by the act of combustion. In 
the explosive wave the velocity of the flame is nearly the same as 
the velocity of sound at the highest temperature, produced by the 
explosion, and the combustion is propagated by a sound-wave so 
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intense that the adiabatic compression is sufficient to raise the 

if 

temperature of the gas above the temperature of ignition, '.riie 
definiteness of the velocity of the explosive wave (it is indepeiuien^t 
of the material and diameter of the tube, if not too narrow) makes 
its investigation extremely Interesting, and a considerable mass 3f 
work has been done on the subject by Berthelot in France and by 
II. B. Dixon in England, 

The limiting velocity of ^propagation corresponding to the 
explosive wave is not reached aJj once, hut onlv after a period of 
(levelopnieiit whicli has not yet been p^roperly investigated. This 
development seems to diller essentially when the mixture is fired 
in an open tube from what it is when the tube in which the 
mixture is exploded is closed at the ends. In the former case it 
would appear, from Mallard and Le Chateliei ’s photographs, that 
the explosive wave starts suddenly during the period of vilnatioiis ; • 
in the latter the observations of Berthelot and Dixlm, and one 
photograph obtained by Mallard and Le C’hatelior, point to the 
conclusion that tlie velocity increases continuously from the 
beginning until tlui limiting velocity of the explosive wave is 
readied. 

Tlie mcchanisni of tliis period of development may be repre- 
sented as follows: Taking the mixtuixi IL-f O as an example, we 
know from the experiments of Bunsen, Jiorthelot, and of Mallard 
and Le Chatelier, that the combustion of this fhixturo operated 
without loss of heat in a closed vessel would multiply the pressure 
of the mixture about nine times. Consider, tlien, in an explosive 
tube a layer of gas wJiich has bt^tm ignited by conduction of heat; 
it is to a great extent free to expand, and if the combustion' ho 
slow it may happen that the pressure ncvei* exceeds eonsiderably 
the initial pressure of the mixture, in wliich case the flame will 
continue to be proptgatgd \yith a slow i^niform velocity, or the 
combustion in the layer may proceed rapidly and the circumstances 
be ^iiiss favourabje to expansion, in which case the pressure of the 
mixture may Be cdnsiderabfy* increased, say from P to r/.P, where 
Now, (luring the process by which the next layer is fired 
by conduction the pressure of that layer will he increased’ above 
its original amount by the expansion of the first layer* This 
compression will raise the temperature of the second layer and so 
diminish the amount of heat required to be received from couduc- 
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tion in order to ignite it, and the maximum pressure reached 
during the combustion of this layer will bd higher than aP, being 
nearly equal to a T. In this way we see that the velocity of the 
flame will go on increasing simultaneously with the maximum 
pressure reached in the combustion, until this pressunj , becomes 
suflicient to bring about ignition by adiabatic conipressio»\, when 
the flame will continue to move with the uniform velocity charac- 
teristic of the pressure wave. , 

The compression which this theory of the explosive wave 
compels us to assum'e as existing in tliat wave, depends on the 
temperature of ignition, anti the ratio of the two specific beats for 
the mixture in question. For H.>+0 we have T“55o'', and y:r=:l*4, 
^o that a compression of over 30 is required. This assumes that 
T is independent of the pressure ; but that is not the case, as is 
shown hy my experiments on the ignition of explosive gaseous 
mixtures, (hiscribod in another paper. The influence of pressure 
on the igniting point of fl^+O has not been examined; but it is 
probable tljat increase of pressure will be found to lower the 
temperature! of ignition of that mixture, so that a smaller com- 
pression than 30 might sufllce/'*^ 

During the development of the explosive wave, the brightness 
of tlie flame increases considerably, as is well seen in pliotogi'aphs 
of the flame of an explosion in a long glass tube, closoxi at each 
end, the mixture being fired by a spark at one end. At the same 
time the duration of the flame decreases considerably, according 
to Mallard and Le Chatelier, from several hundredths of a second, 
for the flame of slow uniform propagation, to less tlian sec. 
for the explosive wave.t 

The duration of the flame is very closely cpnnected with the 
duratiofi of cheniical action in the explosion {see Introduction), and 
observations of tliis kind would, if practicable, be tlie most satis- 
• factory -way o[ investigating the qucsliion ; but, unfortunately, 
there are few flames bright enough to be capable of being photo- 
graphed on a moving plate, at ^ituy raie dtiring the period of 

♦ VHde Mitschorlich (]3ei\ 2G, 399), alsoFreyer and V. ^leyer (Zeit. Physikal. 
Chem.t 11, 28). The question is still unsettled.— H. B. D. 

t The light from the explosion wave in H.>4 O remained bright enough to 
affect a sensitive plate less than one five-thousandth of a second. — Dixon (Phil. 
(grans., 1893. p. 150). 
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BiT 

If is small, we have 
ii 


—TKiI. 

e 


-TU/r. 

1 - e 


1 TR , T*R'‘ 

l + 2:f 

TE‘_T^R^ 
^■'L 2U 


EL/t -™''\_ET EP 
KH ' /“ R 2L 



This shows that the quantity of electricity flowing throngh the 
galvanometer is very small, since T is small and L large. Experi- 



V 

ment' showed ^the kick of the galvanometer needle obseiwed to be 
very small, and the method was modified as follows : — 

Method TI . — The flame of the explosion vmking momentary 
•"contact between the insulated electrodes allows a quantity Q of 
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electricity to enter the^ condenser, which is afterwards measured 
by discharging the condenser through the galvanometer. 


We have 


( — '/KC\ 

1-c j 


t 

K 


--'-Clou. 




or if ~ be small 
i\0 


t _Q 
K li 

By repeating the experiment with an additional resistance S 
introduced into the circuit, wo obtain anotliodi- equation : — 

i Qi * 

U + S'" F/ 

and from these two equations values of t and U can be obtained.. 
This assumes that It remains constant dqring the time t, whicli is 
not true, but we may expect to obtain a value of R, wdiich is about 
the mean of its instantaneous values during that time. 

Ai)paratus , — Tlie explosion tube first used w-as liall-inch brass 
tubing ; the electrodes were brass binding screws Mpped with 
platinum, the tips being about 8 mms. in area and 8 iprns. apart ; 
tlio screws were insulated from the tube by jnoans of ebonite. 

Experiments,-- SerlcH 1 . — Seven Leclanclies used, c.m.f. ~-l()-2 
volts. Capaevity of condenser, 1-98 microfarad. 

The following deflections were observed with the mixture 

TT, + 0:- 

Through R 278, 272, 278, 29G, 291.’ Mean, 281. 

„ R+2000 olims. 140, 118, 140. Mean, 141. 

ft was foumi that a deflection of one division represented 
•0181 X 10 '' coulomb. , 

Whence R- 17^0 ohms. 

* / -- *0010 second. 

Series II, — Il.j+O. Seven Loclanches. 

Deflections: — * ^ ^ 

R 298, 320, 308. Mean, 807. 

R+ IOOO 218,201,209. Mean, 209. 

Rq- 2000, 149; 149. Mean, 149. 

^--•088x10- '* (i) 

(iO 


i'9B m.f. coudenser. 


E + IOOO 

t 


K 4- 2000 


•284x10 “ (iii) 


Whence 
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From (i) and (ii) R ",-1800 ohms. \ 

(i) and (iii) R — 1600 ohms. i-Mean, R~1600 phms 

< (ii) and (iii) R— 1260 oluns.) 

Taking as a mean value R — IGOO, 
we have (i) t-~ -00102 \ * ^ 

(ii) *00107 Mean , t *00104: sec. 

(iii) -00102) 

These two series of experiments give results whicli are not 


entirely satisfactory, l^ut still gfve reasonahlo grounds for ho])ing 
to obtain approximate mea^^uros of H and t. 

Series III . — Distance between ti]:)s of electrod(?s, 6 mms. IIo I- 0 
Four Leclanches used. * 

Deflections : — 


Ji 303, 289, 230. Mean, 274. 

'r+ 2000 138, 133, 125. Mean, 132. 

r 

Whence R=:tl400 ohmr. 

^ t ^ ‘0015 second. 


r 

These results are less satisfactory, and others were obtained 
which wore stilj less so; accordingly a new apparatus wtis made 
with the electrodes ti^Dped with platinum (in the first apparatus 
this was not the case). 

Senes IF. —Platinum-tipperl electrodes, tips 9 mrns. apart. 

Ha+0. Four Leclanches. 

« 

Deflections: — 

R 90, 95, 99, 106, 103, 75, 72, 89. 117. Mean, 94. 

E+1574 49, 58, 59, 66, 62, 59, 68. Mean, 601. 

Whence « R 2600 ohms. 

t ~ -00080 second. 

ThQ,se results are still not satisfactory; tlui deflections observed 
vary considerably. However, the value of t is not very much 
different from the vaUe in Beries I ami IR The apparatiis had 
to bo replaced Ly a inodilied form, as the first^.gave way after a 
number of explosions. In the new form the flaiAc at the elockodcs 
is almost entirely surrounded by a mass of^gun^ r.ietal, while in 
the older one it was mainly surrounded by ebonite. 

Series V. — JQ^ew Apparatus. Hi-f O. Four Daniells. 

Deflections : — 


R 55. 47, 45, 48, 57, 52, 43, doJiX. Mean, 50-3. 

• R+1574 22, 24. 27, 35, 40, 34, 32, 30* 33. Mean, 30-7. 
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Whence E 2350 ohms. 

* *00053 second. 

Some exporiraouts were then made with mixtures of 113+ p 
and air; the addition of one-third of the volume of air was found 
to reduce the deiloctions considerably. Subsequent expcrimen'lfe, 
howevW, with the mixture 11^ 0 itself gave deflections smaller 
than those at first observed. The next series of experiments 
given refers to the three mixtui'es IL+O, H.^+O, H^+O. Five 
sets of experiments wore done in the order II, + 0, 114 + 0, JI;,,+ 0, 


1X4 + 0, H-j+O. 

» 

Series VT. 

* II;, + 0, E 17, 22, 24, 16, 23, 17. Mean, 19*8. 

E + 1574 13, 16, 13, 1^, 12, 14. Mean. 13*2. 

Whence E -- 31 00 ohms. 

/ — -00026 second. 

II4 + O. E 13, 11, 14, 10. Mean, 12. 

E + 1574 7, 7, 8, 8. Mean, 7*5. 

Whence E-- 2600 ohms. 

*00013 second, 

H, + 0. E 35, 30, 37, 43, 32, 39, 31. Mean, 35*7. 

* R+1574... 25, 28, 16, 18, 22, 21, 20. Mean, 21*4. 

Whence E — 2150 ohms. 

00037 second. 

H^ + O. E 12, 13, 16, 13, 15. Mean, 138. 

E + 1574 5, 6, B, 10, 9. Mean, 7-6. 

Whence E-- 1930 ohms. 

*00011 second. 

H3+O. E...^. 18, 20, 21, 20, 22, 21. Mean, 20*3. 

E+1574 13, 12, 13, 12, 12, 14. Mean, \2*7. 

Whence • ,K=r-, 2620 ohms. , 

+-*00022 second. 


The numbers obtained agree only moderately, but otlier 
experiments with ’’various mixtures gave results which rather 
became less satisfactory than improved. Anotlier form of appa- 
ratus was tried, in which the thick platinum wires forming tlie 
electrodes were fused into a strong piece of glass tubing. It was 
found necessary^ to heat the glass tube in an air bath to 103'^ in 
order to prevent the deposition of a conducting film of moisture ; 
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but even then the results obtained were not satisfactory, and 
became less so as the apparatus became okWr. Finally, the glass 
tube was smashed by an explosion, and the experiments were 
abandoned. 

• The results} obtained by these experiments, which were very 
tedious and required a great amount of time, are somewhat'small. 
I think wo may conclude from, them that the mean resistance of 
the flame of an explosion of II.^+O, taken between electrodes such 
as were used, is between 1500 ai'.d 3000 ohms, and that the time 
during which the flame conducts is not very much diflerent from 
•001 of a second. 

The resistance obtained is verv small for that of a flame, far 
sinaller than has yet been observed with steady llamos; this is 
accounted for by the facts* that the flame of the explosive wave in 
*lI.j+0 is'fiotter than the flame of the oxyhydrogen blowpipe, and 
that in tliis flame the pressure is, during part at least of the time, 
very high. That the flame of the explosive wave is hotter than 
that of thc^dxyhydrogen blowpipe follows from the higli pressure 
reigning in it, since increase of pressure reduces dissociation ; and 
from the furthei* consideration that in tlio explosive wave each 
layer of gas is raised suddenly to a teniperature considerably 
above its minimum igniting point (otherwise the combination 
would not be completed in -001 second), while in the oxyhydrogen 
flame the rnixture of gases is raised to a temperature which is 
barely suflicient to ignite it. Moreover, in the oxyhydrogen flame, 
the gases are free to expand, and the specific heat at constant 
pressure is the (jiflective one ; while in the explosive wave thei’c 
is hot time tor complete expansion, and, indeed, the specific 
boat at constant volume appears to bo the one which comes into 
play. 

As to the value of ^although thf. experunents do little more 
than give' tlie order of magnitude, they still have some importance 
in conneebio]! with the hypotheses which have been advaii.ced 
conoerniug the velocity of the oxploAivo wave, ^Bertholot’s formula 
equates this velocity to the mean velocity of translation of the 
molcchlcs at the moment of combiuation, on the supposition that 
they retain all the heat (kivelopod by the chemical change ; Dixon, 
on the other hand, approximates the velocity of explosion to the 
vfdocity of a souud-wavo in a mixture of burning and burnt gases 
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heated to the temperature whicli prevails in the wave-front, and 
this temperature is calcflilatcd to be twice that due to the chemical 
reaction alone. 

% 

Of the two formulai Dixoirs appears to be the more correct 
theoroticg.lly, and the experimental results agree well with it ii^ 
most eaftes, but there are some considerable deviations. Now, if t, 
the duration of clieniical action, be, of the order of *001 second, 
then it follows from, the known velocity of the explosive wave 
that the front will have advanced ,some thing like 2 metres before 
the clicrnical action is complete, and it sot3mk impossible that tlie 
velocity of the wave should be determined by the total- amount of 
heat set free in the reaction, Q, when some of this is developed 
only after the front of the wave lias advanced a metre or more.' 
It is plain that some fraction only of Q is biTcctivo, and tlic smaller 
t is the larger will be this fraction, so that we may* expect 
considerable diifevences between tlic theoretical and experimental 

rates of explosion in the cas\3 of mixtures whme t is found to be 

0 

largo, while a closer approximation between the two values should 
be observed wlien t is small. This is borne out by tlie following 
numbers : — ' 

S - velocity calculated by Dixon’s formula, 
observed velocity. 

11, fO H,4>0 

It: 3416 3585 

2821 3268 

t *00024 -00012 

and if some more convenient method for obtaining the value of t 
could be utilised it would in all probability be found that large 
differences bctweei> ^ and v occur in those cases lor which t is 
comparatively large, or, in other words, when tliere is considerable 
dissociation in the wave-front. 

The measurements of /, as far as they go, coriftrm the hypo- 
thesis ^ put forward by Dixon: •tliat in the explosion of the 
mixture 11,4-0 thbro is considerable dissociation in the wave- 
front, but that one or other of the ingredients of the mixture is 
added in excess the dissociation diminishes. - 
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Bij Harold B. Dixon, P.R.S. {Professor of Cltemistry), and 
H. W. Smith, B.Sc. {Dalton Chemical Scholar 
in the Oivens College). 

(Fxom the Memoirs of the Mayxeh. Lit. and Phil. Society.) 

f 

I N the f.ourse of an invosti^^ation, in \vhicli wo wore engaged 
on tite rate of propagation of gaseous explosions, it was 
noticed that when a mixture of hydrogeii and oxygen, iti the 
proportions in wliich tlioy comljimi to form water, was exploded, 
there remained an explosive residue in addition to the umivoid- 
able slight excess of one or the other gas due to inaccuracy in 
mixing. The niixture was exploded in a leaden tube 100 metres 
long and 9 mms, in diameter ; after the explosion the tax) 
end furthest from the x)ohit of ignition was ox)CJied, and air 
allowed to rush in. Air was then pumped in by a bellows, and 
t]ie other tap ‘was tlien ox)encd. On apx)lying a light to the 
outrusliing gases, for the x^^ii^’pose of deterjnining whether the 
hydrogen or tlie oxygen was in. excess in the original mixture, the 
gas at first driven out proved to be rich in oxygen — supporting 
combujjtion vividly-— lind then tlA) sneceeding gas burnt with a 
series of sharp cracklings, and.tinally there was a flash down the 

tube. . • 

* •» * 

From this, it appeared that even in a mixturQ of hydrogen and 
oxygen, containing a slight excess of oxygen, the hydrogen was 
not cprnplctely burnt.' If the mixture had contained an excess of 
hydrogen it might have been reasonably supposed that the exxdo- 
sive residue was made up of the excess of hydrogen and the air 
^adinitted after the exx)iosiou. This explanation could not bo 
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admitted in the present instance, as the mixture contained an 
excess of oxygen. A similiar phenouienon was observed when a 
sHght excess of hydrogen was employed, and the residue \v;is 
swept out of the tube by a stream of carbonic acid gas. 

Led by these experiments we began the investigation, •an 
account of which is given in the following paper. Our object was 
to determine the conditions ailecting the amount of tliis explosive 
residue — especially the influence of the surface exposed to the 
exploding gases. * ^ 

Mixtures containing slight excess, lirst*of hydrogen, and then 
of oxygen, were employed, and in all cases the residues wore col- 
lected and analysed. The first series of experiments was made 
w'ith the tube lucntioned above, which was 100 metres long and 
9 mins, in diameter, the surface exposed to the gases being about 
29,000 sq. cms. After each explosion CO., was admiiVjd at om 
end of the tube until the pressure was equal to » that of the 
atmosphere, and tlien I litre was diiven out and collected over 
caustic soda solution at the other end of the tube. Jt was found 
that tlie first litre driven out contained practically’* all the gas 
left after explosion. The amount of residue varied from 100 to 
250 C.C., according to tlui accuracy of the mixture and the amount 
of nitrogen as impurity in the original gas, and of air in the COj, 
We give below the mean results of analysis of a considerablo 
number of residues ; those given under A resulting from a mixture , 
containing an excess of hydregen, whilst in those given under B 
and C, the original gas contained oxygen in excess. 

1 - 

Explosions of IIydkogen and Oxygen. 

(Capacity of tube, 8,100 c.c.; diam. 9 mms.; internal surface 
29,000 sq. cms.). • , 

Mean composition of residue : — ' ' 



A. 

■■■■] 54-3’ 

IJ. 

29-5 

C. 

20-5 

CO ... . 

51 

5-8 

0, 

19-4 

38-1 

32-7 

N, 

26-3 

27-3 

41-0 


1000 

1000 

1000 
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t 

Percentage of original detonating gas unburnt : — 



A. 

<3. 

c. 

Maximum 

Minimum 

1>08 

•92 

107 

-69 

Mean \ 

-88 





With regard to the calculation of the amount of unburnt deto- 
nating gas, a slightly ditforent method is employed, according as 
the original gas contains exccss^of oxygen or hydrogen. All the 
residues contain a certain percentage of nitrogen, part of which is 
duo to inloakage of air, and to air in tiie GO., used for sweeping 
out the tube, wliilst part exists as impurity in the original gas, 
being chiefly derived from the water in the gas-holder. It is, 
however, impossible to deter luiiie accurately how much is due to 
each cause*. Tn calculating tlie percentage of imburnt detonating 
gas, a maximum and minimum arc taken in the following way. 
Firstly, assinne all the nitrogen was pn^simt in the original gas, 
and calculat,cj»'all tlie oxygen as belonging to the unburnt residue. 
This gives ' a maximum value for the percentage imburnt. 
Secondly, assume*' that all the nitrogen got in (as air) after the 
explosion, and from the percentage of oxygen, deduct the amount 
of oxygen corresponding to the nitrogen (as air). In this way we 
get a minimum value for the amount of unburnt detonating gas, 
and the true porewntage must lie between these limits. If there 
is a sufficient excess of oxygen, v/c got only one value for the 
unburnt residue, viz., l.\ times the residual hydrogen. It will be 
observed that each of the residues contains a small percentage of 
carbonic oxide. Part of this is prol)ably due to tlie grease used 
for the taps, and part may he due to hydrocarbons derived from 
the zinc tised in the preparation of the hydrogen (except hi cases 
where electrolytic gas was used). The carjionic oxide, being a 
otyinbustilfle gas^ must be taken into account in calculating the 
residual detonating gas. When there is an exceSis of oxygen, ^the 
carbonic oxide is liable to get burnt, *aVid tlJorefpre should be con- 
sidered as a por’tiori of the detonating gas loft unburnt. When 
there ic a deliciency of oxygen, the carbonic oxide may be classed 
with tli4 excess bf hydrogen left over, and whether it affects the 
amount of unburnt detonating gas depends upon the quantity of 
ox^ygen remaining. • 
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To detenuiiiG the influence of tlie ainoiiril of surface exposed 
to the gases, a tube 1 itiins. in dianieter wjis Jiext employed. The 
length was about 170 metres, and the internal surface lJf5,000 sq. 
crus., the capacity being 2,760 c.c. The inetliod of procedure was 
the sanuj as before. Under A, in the following table, is given th^ 
mean of several a’.*ialyscjs of residues from mixtures cor>taining an 
excess of hydrogen, and under B, tlie mean result from mixtures 


containing an excess pf oxygen. 



A 

B. 

II, 

4*6-1 

38*6 

GO 

14-9 

12-4 

0 

16-3 

25-4 

N. 

: 22-’7 

-23-6 


100-0 

1000 

Average residue ... 


82 

Percentage of original detonating gas unhurnt : 

• 

Maximum 

1-31 

2-27 

Minimum 

-84 

1-55 

Mean 

1-09 

1-91 


The pei-ccntage unburnt, under A, does not dilTer much from that 
obtain (3d with the wid(?r tube. I Jndtjr B we see a rather larger 
percentage. In the next tables are giv'en tlio means of analyses of 
residues obtainc^l with a tube 19 nuns, in diameter (ITT), " and 
lastly (IV),! with an ii'on bond) made out of an oixiinary mercury 
bottle attached to a liring tube. In tlie latter, there are only 
about 1,600 sq. cm?i. of surfac(i oxpos(3d for a volunie of 3,0'J5 c.c. ; 
that is to say, a surface only one-fifteenth as great as that 
exposed in the 4 inm. tube, tlw capacities J^ciiig, howevei’^ nearly 
equal. Fi'om the, analyses it would appear that* although the 
amoiuit of surface i'xposed to tjic gases lias some influf3nce on the 
amount unhurnt^ tlie'ijilluence is not very g)*eat, and therefore it 
seems impT‘obal;)le tliat tlie incomplehmess of combustion is due 
primarily to the cooling action of the surface of the vessel. 


* Four e.vpcrinient.s were made with the same mixture, 
t Seven experiments were made witli the same mixture. 
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III. 

IV. 

C = 14,000 c.c. 

0=31075 c.c. 

rZ—lOmms. 

tZ -lOO mms. 

S — 28,000 sq. cms. , 

S — 1,600 sq. cms 

^Werage i-esidue 235 c.c. 

100 c.c. 

Mean fcom position of residue : — 

f 

H, 44-2 

8-2 

CO 180 

.1-2 

, O, 22-7 

31-1 

Na 15-1 • 

• 

59-5 

100-0 

100-0 


• Percentage, of detonating gas unburnt : — 
Maximum 1*1^5 


Minmium *86 

• 1*01 

A number of cxporirnents were made with a mixture of car- 
bonic oxid.^’ and oxygen. 

In th(/ first scries of experiments the 9 mm. tube was employed, 
and in the second series the iron bomb. Tiic mean results are 
given below. ^ 


Carbonic Oxide and Oxygen. 

I. II. 

C=-8,100c.o. . C== 3,076 

<^=-9 nuns. cZ— 100 mms. 

29,000 sq, cnis. S = 1,600 sq. cms. 

Average residue 205 c.c. 65 c.c. 

Mean composition of residue : — 

• GO 26*0 *41-4 

H, 1-7 6-7 

"Oa 30-2 27 1 


100-0 

Percentage unburnt 
- 106 


Maximum 1-17 
Minimum 1-01 


Mean 1-09 
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In this case, therefore, we have also about 1 per cent, of the 
original detonating gas*left unburnt. The surface hero does not 
appear to have much influence, the percentages unbinnt l)eing 
almost the same, although the surface exposed to the gases was, 
with the tube, about 3^ sq. cms.for each 1 c.c. of gas Ijurnt, against 
•5 sq. cm. per 1 c.6. of gas burnt with the bomb. 

The fact that the incompleteness of combustion is charac- 
teristic of the oxplosi^km wav'o, and is not observed in the ordinary 
coinVmstion in a eudiometer, has nn important bearing on ^he 
theory proposed by Berthelot, to explain tho*mjde of prox)agatioii 
of tlie explosive wave, and also seems to confirm the ohsei vation 
made by Mallard and TiO Chateli(‘.r, that tlio rate of cooling in 
this method of combustion is much more rapid than in tlie' 
ordinary ^combustion. 



ON, THE COMBINATION ©F TIYDEOGEN AND CHLO- 
RINE, ALONE, AND IN PRESENCE OF OTHER 
GASES. 

By HahoIjD B. Dixon, M^A., F.R.S. {Professor of Chemistry), and 

J. A. Hauker {Research-Student in the Owens College). 

» '■ 

(From the Memoirs of the Maneh, L^t. and Phil. Society.) 

I S the c^xibinatioii of hydrogen and chlorine affected by the 
presence or absence of moisture ? Does hydrogen, when 
exploded with an excess both of chlorine and of oxygen, unite 
entirely with the chlorine or divide itself between tlu*« two ? 

The evidehce on the first point is conflicting ; on the second 
we have the definite statement of C. Botsch {Annalan ccx, p. 207) 
that the hydrogen does not divide itself between the chlorine and 
oxygen, but goes entirely to tlie ctilorino. Botsch’s experiments, 
liowever, are not accurate enough to make us feel sure of his con- 
clusion, which ho admits is d priori improbable. 

In a communication made to the Chemical Section of the 
British ^Association at Newcastle ip 1889 we * brought^ forward 
some evidence bearing on these questions. Our object was to 
work out the law according to which hjdvogen divides itself 
between chlorine and oxygen in an explosion o{’ the three gases. 
It was first necessary to determine whether diief t union bet^veen 
dry liydrogen and chlorine takes place under the conditions of 
our experiments.’ We found that sparks from an induction 
coil, ‘passed through the gases between wires of platinum- 
iridium, caused the instantaneous explosion of the mixture after 
it had been standing for days in contact with ^anhydrous phos- 
pijioric acid. Combination between dry hydrogen and chlorine is 
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therefore determined by the spark, just as combination between 
dry hj^drogen and oxygen is determined by the spark. 

On the other hand, the action of light on a mixture 9 ! 
hydrogen and chloinne is affected by the presence of moisture. 
In tlie oourse of our experiments on hydrogen and olilorine (whi^h 
were f)egun in f882) we have on several occasions 'noticed the 
difJiculty of exploding dry hydrogen and chlorine by a flash 
of light. The same observation has been made by other chemists, 
of whom we may mention Mr. W. A. Shenstone. But the*fact 
was not, so far as we know, published until 1887, wlien Priiig- 
sheim,* in liis a.dmirable paper on the cliemical action of light on 
hydrogen and cliloririe, stated that tlio mixture when long dried 
by phosphoric acid exploded only after a few seconds in sunlight 
and with a weak clicking sound; and that in diffused daylight 
the formation of hydrogen chloride was greatly retarded* ♦ 

111 order to compare the action of light on the tvet and dry 
mixture of hydrogen and chlorine, wo filled a row, of six bulbs 
with the electrolytic gas, and sealed them up. In ^l^te last two 
bulbs sticks of anhydrous pliosphoric acid were i)laced, so that the 
gases were .sealed up in contact with the drying agtint. After 
lying in the dark some weeks, a, wet and dry bulb, screened one 
from the other, were exposed to the light of a magnesium “flash” 
placed G feet from tlie two. Neither exploded ; but on firing a 
similar flash 5 feet from the two, the wet bull) exploded loudly, 
the dry bulb was unaffected. On firing flashes at 4 and 3 feet 
from tlui dry bulb, no action was observed. Fired at 2 feet from 
the dry bulb, the flasli produced a loud explosion, hv otlier 
experiments similar results were obtained. When the electrolytic 
gas was^well dridd before admission to the bull), and \\;as then 
sealed up with phosphoric acid, and kept several weeks, it could 
not be exploded by •bhe..ttai>ii at 1 .] feeV We may state, as a 
general result, tl\at a magnesium flash (whicli ‘will invariably 
explode a wet ,inixtui*e of hydrogen and chlorine at 6 feet 
distance) has to l) 0 *broug}it within 1 foot in orden* to explode a 
well-dried mixture of the same gases ; in other words, the inten- 
sity of the light must be increased 2 o times to produce thts'same 
effect on the dry as on the moist gases. This difference in the 


Annalen der Physik^ 1887. N.F., xxxii, p. 421. 
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action of light is so well marked thfil we have continually made 
use of it as a test of the dryness of the electrolytic gas used in 
our expofiinents on the vohiine-relation of hydrogen and chlorine 
to the hydrogen chloride gas formed from tliein. 

To determine the law which regulates the division of hydrogen 
between chlorine and oxygen, in an explosion of the mixed gases, 
it is essential t-liat the gases slipuld be accurately measured. All 
our attempts to measure chlorine in a eudiometer over a liquid 
have failed. Oil of vit)iol (used by Botsch) absorbs chlorine; 
liquici clilorinated hydrocarbons absorb clilorine rapidly. We 
have had to measure chloriii'o by lilliiig a glass explosion vessel of 
known capacity with it under known conditions; and have then 
introduced into the same vessel known volumes of hydrogen and 
oxygon. Our latest appa^^atus consists of two strong bulbs (of 
180 c.c. and 140 c.c. capacity ), whicli can be put into communi- 
cation through a wide tap. Each bulb can be filled separately ; 
for instance, one may be tilled with electrolytic hydrogen and 
chlorine, and the second with oxygen, or one may be filled with 
electrolytic Jr jdrogen and oxygen, ami the second with clilorine. 
The two bulbs are tlien put into communication, and the gases 
allowed to mix by diffusion. A pressure tube is attached to the 
bulbs, and is shut off by a stop-pock. This tube is filled with an 
inert gas, c.^., nitrogen, and dips into a mercury trough. When 
all is ready for an explosion the tap of the pressure tube is opened 
for a moment and then closed. The height of the mercury in the 
tube gives the pressure in the bulos. By having the gases in the 
bulbs slightly below the atmospheric pressure a little nitrogen from 
the pressure tubes enters the bulb, and no clilorine escapes into the 
pressure tube. After firing at a suitable temperature, the tempera- 
ture can bo reduced to the same pointy as before. 'Tben on opening 
the tap of the pressure tube the rise of mercury indicates the 
diminution in volume the exploij/ed gases. If hydrogen and 
chlorine united without contraction *to form an equal volume of 
hydrogen chloride gas, and if the hydrogen united entirely ivith 
the chlorine and not with the oxygen' at all, then ho alteration in 
volume would result from the explosion. 

However, on firing the well-dried mixture of the three gases 
by a spark at 6rdinai*y temperatures, a cloiid is formed, and a 
considerable contraction is shown by the pressure tube. We have 
fo^nd a contraction of over 10 per cent, of the original volume of 
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gases — due partlif to the formation and condensation of steamy and 
partly to the formation *of hydroyen chloride and. to its solution in 
the ica fer condensed. We say that tlio condensation is partly due^ 
to the formation of hydrogen phloride, becanse we have found 
that however carefully the bulbs and the gases are dj:*icd, the res ijf 
a sensible contraction when hydrogen and chlorine con*ibine in a 
glass vessel. This contraction is rather ovei’ 1 per cent, of the 
original vol nine. We» have varied the apparatus and the manner 
of working, hut we always find nearly tlie same result — whctlp^r 
the gases are exploded or whether the}" combine gradually in 
diffused light. 

The fact that the hydrogen divides itself between the chlorine 
and the oxygen is proved by the large contraction, by the cloud, 
and by the visible drops which condense on the surface of the 

bulb. 

Proof of another kind is afforded by the fact we Itiave estab- 
lished, that chlorine is liberated when hydrochloric acid is mixed 
with equal volumes of hydrogen and oxygen and the-^iiixture is 
exploded. Tlie excess of hoate<l oxygen takes hydrogen^ from the 
hydrogen chloj-idc under these conditions, wliich are coniparal>le 
with those oli^taining when a mixture of liydrogon, eVdorine, and 
oxygen is exploded. 

Since our cominunication was made at the Newcastle meeting, 
and after a brief account of it bad appeared in Nature (October 
10), a j)aper was published in the Com pies Ilendus (October 21) 
by MM. Ilautefeuille and Margottet — “ Sur la synthese siinul- 
tanee de Teau et de Tacide chlorhydrique.’* These authors find 
that hydrogen divides itself between chlorinfj and oxygen, unless 
the volume of chlorine is relatively large. When the chlorine is 
in largo d^cess only liydrochloric acid is formed. The experi- 
ments appear to have bpen mat]e at ordinary temperatures. 
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STATES. 
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By UNFOLD B. Dixon, M.A., P.E.S. {Professor of Chemistry), 
and J. A, IIakkiou {Dalton Cheviical Scholar in the Oivcns 
College). 


the Mrinoirs of the Manch. Lit. and .Phil. Societi/.) 

T his research, a continuation of our previous work on the 
combination of chlorine .and hydrogen, was made with the 
object of ascertaining whether, in the explosive coiiibination of 
these gases, the action was a direct one, or whether tlie union 
was brought about by the interaction of water - vapour present. 
We have already shown (conlinuiiig Pringshciin’s statement) 
that the gases, u'hen thoroughh’ dried, were not nearly so sen- 
sitive to light «as when in the moist condition, about 25 times 
more light being n( 3 cessary to explode the dry gas than tliat 
saturated with moisture. Tlie questioji remained : When once 
the explosion is started in a portion of the mixed gases (either by 
light or by a spark), ir. the propagation of the explosion tlirougli 
the unburnt gases dependent on the presen of water-vapour ? 
The method employbd to solve this problem was the same as that 
previously used to determine whether the combustion of carbonic 
oxide and of cyanogen by oxygen was effected by the interaction 
of water-vapour. In the case of carbonic oxide and oxygen the 
rate of propagation of the combustion is increased by adding 
water- vapour until it amounts to about 5 per cei\t. of the mixture ; 
in the case of cyanogen and oxygen the rate of propagation of the 
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combustion is diminished by the addition of water- vapour to the 
dry gases. The burning of cyanogen, at all events as far as the 
initial combustion to carbonic oxide is eoncerned, seems to b*j 
independent of the presence ®f water; whereas the (jombnstion 
of carbonic oxide to carbonic acid seems to depand upon tl/e 
presence of water-vapour. A measureineut of the rate o*f explosion 
of hydrogen and chlorine, firstly iif the dry state, and, secondly, 
when saturated with water- vapour, seemed, tlioroforo, likely to 
answer the question. ♦ ^ ^ • 

A knowledge of tlie velocity of the pxplosion-wave in hydrogen 
and chlorine is also of great theoretical intcL'ost in view of 
Berthelot’s conclusions regarding the nature of explosions : for 
hydrogen and chlorine combine without condensation, and the gas 
formed approximates to a perfect gas. 

The gas used in the experiments was made by the method so' 
minutely studied by Buijsen and Eoscoe, viz., the 'electrolysis 
of hydrochloric acid. The acid used (of spccilic gravity about 
1’20) was partly saturated with chlorine gas, to sq.% the long 
preliminary electrolytic saturation otlierwiso necessary. The 
electrolytic cell was of glass, and contained about 3 litres of acid. 
It was provided with two carbon ^electrodes, abotit 10 mms. thick, 
cemented by paraffin into glass tubes, which dipped below the 
level of the liquid. The upper ends of tliesc tubes were filled with 
mercury, making contacts for tte battery wires,* The delivery 
tube contained a series of bulbs holding about 5 c.c. of water. 
This retained the greater part of the hydrochloiic acid carried 
over by the chlorine and hydrogen. From this the gas was 
conducted through a Winckler worm, a series of bulbs, and finally 
a large y^tube, all filled \Yith Jw lied sulphuric acid. Attached to 
the U tube was a three-way tap, one limb of which led to the 
explosion tube, and the «othjr to a towcf filled with lime and 
charcoal. The whole apparatus was mounted on a'stand, and the 
glass "^tubes were aiused together after filling. The current used 
was supplied frqrn seven large secondary colls, giving a voltage of 
about 16. It passed througli t\vo adjustable resistances ; one, iron 
wire, the other, carbon ; then through a .small low -resistance 
Kohlrauscli ammeter; then to the electrolyser. About 4 amperes 
was the greatest current we could use without beating the liquid 
too much, » 
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We first experimented with a view to discover a material 

suitable for the explosion tube. Pieces of ^urc lead sealed up in 
,dry cliloritie arc not much acted on, the colour of the gas being 
visible after some weeks. We, tlier^jfovc, thought that a lead tube, 
iirter a certain time, would become coated internally with chloride, 
and so be‘ available at least for the experimen'oS with drV gases. 
After many hours of saturation with dry chlorine, we found that 
the gas continued to be absorbed with formation of a white volatile 
solid decomposed by water, which analysis showed to be chloride 
of tin. This issued as a wliite cloud from the end of the explosion 
tube. The best electrolytic mixture wo could obtain from the end 
of the explosion tube contained not more than 80 % combustible 
gas (fT,+ Cl,). 

We, therefore, proceeded to have drawn some strong glass 
< tubing hi long lengths. We succeeded in getting two lengths of 
30 and 34 feet respectively. These were slung from a long ladder 
fixed against the wall of a dark corridor. 0)ic end of each tube 
was then,t)ont and fastened to the otlicr, so that the whole tube 
was about 21 yards long. Various joints were used, plaster of 
Paris, certain cements, and also fused cdilojide of silver, but none 
of these held sc') well as a pierce of strong rubber, slipped over the 

r 

ends, which were previously ground smooth ami pressed close 
together. Tlie rubbeu*, being coated on the inside with parafl'm, 
was acted on xery slowly by the chlorine. Fastened to the two 
free ends of the tubes were steel ilanges with ground faces. Their 
« interior was lined with glass. 

The gas pas^sed directly from the electrolytic cell through the 
drying tubes into tlio long explosion tube — driving out the air 
before it ; at the further end it passed throu'^h an “ analyser,” 
which served to determine the composition of the gas issliing from 
the tube. This consisted of a large, bulb holding 80 c.c., provided 
at the bottom with a three -branch tap loading to a funnel 
containing dilute KI solution and to a. small ^bottle containing 
water. At the upper end was a tail-tap leading to a pipette and 
to a lime and coke tower. The pipette, which was constructed 
of narrow tubing about 6 nuns, diameter, was provided with a 
millimetre scale and calibrated by mercury. The tube between 
the three-way tap and the pipette was very fine, less than i mm. 
bore. The dry gas was passed from the explosion tube through 
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water into the bulb, which had been previously dried ; then the 
oxcess^^ passed into the tower. After collecting the sample the 
taps were all closed, the gas pipette being completely full 
water. • 

The bulb was lirst exposed for some time to diffused daylight 
and then to sunlight or to some magnesium hashes.* The tap 
below was then opened to the KI reServoir, and the liquid allowed 
to rush up. A snfall residue generally n^niainod, whicli was 
measured in the pipette. This i^nuill residue was found to^be 
hydrogen ; it was never more than 1 per cent, of the ^yholc, and 
in most of the experiments varied between ‘2 and -4. per cent. 

To insure cojnplete combination between the liydi/ogen and, 
chlorine in the bulb by the action of ]i^4it, it was necessary to 
moisten the gases. The gases as used in the dry c‘-x})erim(mts may 
be exposed for days to sunlight without com])letc comoi nation ‘ 
taking place. The potassiijm iodide serves to show that there is 
no chlorine left. , 

The filling of the exiilosion tube took generally two* to three 
hours with the average current. The whole of the generating 
and drying apparatus was protected from liglit by being covered 
with black cloth, and the corridpr was only illuminated by one 
or tw’o small gas flames, which did not have tlie least perceptible 
action on the mixture. 

The method used to measure the rate of the Explosion wave 
was similar to that used for other gaseous mixtures, viz., to make 
the explosion break two silver or platininn strips or ‘‘bridges” 
stretched across the tube, one near each end. . These bridges 
carried currents, whicli actuated two electro - magnetic styles 
making ^‘aces on 'a moving >plate. The bridges were fitted to 
two separate tubes, which could be rapidly joined up to the long 
glass explosion tube l7y ir.ear.^ of steel fl.inges. Tlieso separate 
“ end tubes ” wej’e charged wdth a mixture of oxygen and 
hydrogen. When, the long tube was completely lilled with the 
electrolytic hydrogen and chlorine, the tw^o “ end tubes ” carrying 
the bridges were fastened to it, the electric connections were made 
to the chronograph, and the gases fired by sending a sparlc 
through the oxygen and Viydrogen in the firing tube. The llame 
travelled down this tube, which was about 4 feet long, breaking 
the silver bridge at the end of it, and communicating the explosio:* 
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to the hydrogen and chlorine. On reaching the end of the glass 
tube, the explosion broke the silver bridge fitted to the second end- 
t^be. In the few seconds which elapsed between joining on the 
end tubes and firing the mixture, ^^ut little diffusion of the gases 
was possible ; ^and the silver bridges, being coated with paraffin, 
were hardly acted on by the chlorine. Between? each expei-ijnent 
all the connections of the ch^ionograph wore reversed; so tliat 
whatever error was due to the defects of tbe chronograph and 
conjiections was reversed in the* second expeiiment. The results 
are therefore grouped ’together in pairs, the jueans of the several 
pairs being closely concordant. The following are the results 
obtained in the first series of experiments : — 

* IL+Cb. 


^^P-ATK OF lixrLOSION IN MeTUES PER SECOND.'*' 


^ T. ' 

I 

. \Vkt. 

1821 

t728K„„ 

178C J 


\ 1774 

1809J 

k 


1772 }^^®° 


^ !| 



Mean.. 1795 

Mean.. 1770 

t 


Difference due to water prcscnl^Hfj met. per second. 

It a]>pei\.rs, therefore, Chat the explosion, "once started, travels 
slightly faster in the dry gases^ than in the wet, the moisture 
appearing merely to act as a diluenji. * » ^ ' 


* It was discovored aftorward.s that both series of -lueasuiomonts were 
aiieotod by a small cou.staut on-or which made the results too high. 



EXPERIMENTS ON THE TRANSMISSION OF EXPLO- 

• • 

SIONS ACROSS AIR GAPS. 

'By Bkvan Lean, B.Sc. {Dalton Chemical Scliolar), and Haeold B. 
Dixon, F.R.S. {Professor of C/icmislri^ in the Owens CoLletje). 

*• 

(From the Moiiioirs of the 'Mam.'kcstcr Lit. and Pkil. Soci^d!/.) 

H OW far the shock produced l)y the explosion 4f^a gaseous 
mixture can be transmitted through a columii of air so as 
to ignite a gaseous mixture beyond, is a question* often asked in 
the discussions raised as to the nature of colliery explosions. 
Some practical men have exj)ressed the opinion that the shock 
can be transmitted through air along great lengths of straight 
gallery, so as to cause the explosion of accumulations of fire-damp 
at the further end; otliers hold^hat a few score yards of gallery 
free from fire-damp and dust will elTcctually prevent the propaga- 
tion of an explosion in a mine. To obtain some data by wiiich to 
decide the question, the following experiments were tried on ^he 
small scale. • 

AjtjMfatits , — The apparatus consisted of two lead tiflies, 880 
mins, in length, and mms. internal diij^in., which could be con- 
nected together by glass tubes of varying dimensions by liioans Cri 
bras^ junctions. * • 

Exyploswa Mf!x-tu9c . — The t‘.^plosive mixture employed was one 
of two vols. of hydrogen mixed with sliglitly more than 1 vol, of 
oxygen. The mixture was kept over water in an ii'ori gas-liioldcr. 
The hydrogen was made from zinc and sulphiiriC; acid, without 
special purification, and the oxygen was prepared from potassium 
chlorate. * 
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The means for connecting either brass junctions up to A or 
B is shown* in Fig. 2. 

'UV is a circular ring which when screwed up over WY 
makes an air-tight, connection between the brass piece 
, and the lead tube A. ^ -i* 

G and FI (Fig. 1) are small brass tubes, provided >vith taps 
by means of which A may be placed in communication 
wFth B, \\athout making use of X. 

T and S are largo taps, in , the brass junctions, connec^ting 
X with A or B. The passage in Csacli tap is 11 mms. in 
diameter. * 


V 


Fi'G. 2. 

Method of E:>'/pcrhnent , — After passing a current of air through 
the apparatus, air was enclosed in the tube X by tuDiing off the 
taps T and B. The tube G was then connected with II by means 
of an india-rubber tube, and Jlie explosive gas passed in at L, and 
through tiro apparatus, until a saniijle taken at F was fouiid to 
explode violently, llio {aps* at F], F, G* and FI were then all 
turned off, and the platinum wires in tlie tiring piece cbnnectecl 
up with a Euhmkjorff co^il. One' observer then stationed himself 
opposite the tube and imiiKfdiatcly before giving the command 
to lire, quickly turned on the taps T and S. A second observer, 
placed opposite D P, thereupon broke the primary circuit the 
coil, producing a spark in EC, and at the same time closely 
watched B F for any flash indicating that the mixture in B had 
been fired across *the air gap by the explosion in A. 
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Though the glass tube DF was vely strong, it was found 
necessary to wrap wire gauze around it, inasmuch as it was 
several times shivered to pieces by the violence of the explosion 
wave. Ti^ough the glass tubes emplpyed between A and B were 
frequently comparatively weak, experience showed that the 
pressure produced by the explosion against the wrll of the tube X 
was so small, that the tube was.. in no case burst. 

First Sebtes of Experiments. - -A number of experiments 
werCt^ made with glass tubing of 20 mins, internal diameter, of 
various lengths. After fixing the glass tube by means of Fara- 
day’s cement to the two brass junctions, the distance from the 
centre of tiie tap T to the centre of the tap S was measured. 
Only these experiments in which this distance T S is exactly the 
same, are made lUKler the same conditions : it is not sufficient to 
make experiments with a particular tube of say 200 mms. length 
at one time, and again at a subsequent period, without making 
8U.r6 that the tube is fixed on to the brass pieces in the same 
manner. Difihronces in the length of T S with the same glass tube 
to the extent of 10 — 15 mms. niay easily occur, which subsequent 
experiments will show to be very important. We shall therefore 
class experiments according to the length of T S. The volume of 
the air gap was determined in each case by titration with water. 

(1) TS~283 mms. Vol. of air gap 73 c.c. 

The flash produced by the explosion in A traversed the 
whole length of X, but the mixture in B was not 
fired. 

Six experiments made, with the same results. 

(2) TS = 215 mms. Vol. of air gap 53-(,> c.c. 

B not fired by explosion in A. 

Six concordant experiments made, May 6. 

On May 9 the experiment was repeated, employing the 
same glass tube, the same mixture of hydrogen and 
oxygen, T S being 215 mms., as before. In four succes- 
sive experiments B was fired by the explosion in A, 
but in two of these the glass tube D F exploded with 
great violence, and in the other two the cement at 
one or other junction was cracked. Thus, in these 
four experiments, in which B was fired, the pressure 
in the apparatus was relieved since, therefore, it 
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seemed conceivable that in cases in which the limit 
had beefi nearly reached, such relief of the pressure 
might enable A to fire B across the air gap, it 
appeared advisaj^le in future experiments only to 
accept as conclusive those in which every junction 
had#stood intact the shock of the explosion.^ 

Four move experiments w^ve made, in which the apparatus 
succes^ully stood tlie explosion, and in each case B 
was not fired. , 

(3) TS = 175 mms. Vol. of air gap 38*2 ft.c. 

B fired by explosion in A. * 

Three experiments made?, May 9. 

Five experiments made, May 12. 

Thus the desired limit is to •be found wlien TS lies 
b( 3 tween 215 and 175 mms. 

(4) TS = 205 mms. Vol. of air gap 48*5 c.c. 

B not by explosions in A. 

Two experiments made — cement intact. 

(6) TS~-184 mm. Air gap - 40 c.c. 

B fired. Two experiments. 

(6) TS=192mms. Air gap 43 c.c. 

B fired. Two experimehts. 

(7) TS = l96 mms. Air gap =44*7 c.c. 

B not fired. Three experiments. 

Thus the limit is to be found J)etwecn (6) and (V). 

Second Series of Experiments. — A number of oxporijiicnts 
were next made employing much narrower tubing to enclose the 
air gap, viz., 8 — 8J mms. internal diameter, instead of 20 mms», as 
in the former experiments. 

(1) TS?=275 mms.' Air gap 17*5 c.c. Internal diam. 8*5 mms. 

B fired. Thiice exporiinonts. ^ 

(2) TS=389 mms. Air gap 27 c.c. Bore 8*5 mms. 

^ B fired. *Four expcrimJnts. 

(3) TS = 532 fmriB. Air g&.p 32 J c.c. Bore 8*5 mms. 

B fired^ . Four experiments. 

(4) TS = 588 mms. Air gap 31 c.c. Boro 8*0 rnms. 

B fired. Four experiments. 

(6) TS=665 mms. Air gap 38*2 c.c. Bore 8*0 mms. 

B not fiifed. Three experiments. 
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(6) TS=656 mms. Air gap 37 -6 c.c. Bore 8*0 mms, 

B fired. Two experiments. 

(7) TS = 663 mms. Air gap 38-1 c.c. Bore 8*0 mms. 

Biinot fired. Two experiments. 

Thu& the limit is found between (6) and (7). 

We can fiow advantageously compare the main results of those 
two series of experiments. - 
In series (I). 

TS~196 mms., and air gap —44-7 c.c., B is not fired. 

If TS = 192 mms., and air gap — 43*0 c.c., B is fired. 

In series (2), 

If TS = 663 mms., and air — 38*1 c.c., B is not fired. 

If TS — 65G mms., and air gap — 37-6 c.c., B rs fired. 

It would appear, therefore, tliat the question as to whether B 
ahall be fired by A through a given air gap, depends upon the 
volume of air interposed, rather than ux^on the length of the 
colfinin of air. 

To test'thJs conclusion a bulb was blown upon a portion of the 
glass tubing (bore 8*0 mms.) used in series No. 2, and this \vas 
substituted for the ordinary glass tube 
between the two brass junctions. 

(1) TS — 198 mms, Vol. of air gap 83*5 c.c. 

B was not fired. 

‘ (2) TS = 144 mms. Vol. of air gap 78*8 c.c. 

B was not fired, though the bulb was filled with flame. 
’ The two experiments last mentioned bear out the conclusion 
that for a given mass of a gaseous explosive mixture, there is a 
certain minimum mass of air which will, if interposed between it 
and another explosive mixture, guard this last iri the manner of 
a protective shield or plug, and that it is jiractically immaterial 
wliethor tliis air bo enclosed as a short and troad, or a long and 
narrow column. ‘ 



ON THE DECOMPOSITION BY {^HOCK 01?^ E>?DO 
THEEMIC COMPOUNDS. 


By J. A. ITahke:^ {Dalton Chemical Scholar), and II. B, DixoiV, 
F.E.S. {Professor of Chemistry i,l the Owens Colleqc), 


(From the Memoirs of the Miuicli. Lit. and Phil. Sosielij,) 

I N his work “Sur la Force des Mafcieres Explosiv«S'j’i published 
in 1883, M. Berthelofc described some cxpcriuKmts on tlie 
decomposition by sliock of certain bodies formed witli absoi*ption of 
heat. Most of his experiinents were made on gases. He exploded 
a charge of 0*1 grrn. of fulminate of mercury, in a st.i’ong glass tube 
holding about 25 c.c. of the gas. With acetylene the experiment 
always succeeded, only about *01 c.c. gas romaiuing undecornposed, 
and a deposit of very finely di>'*ided amorphous carbon being left 
on the walls of tlie vessel. Cyanogen was sometimes wholly 
decomposed, sometimes not at ail. The other gases he succeeded 
in breaking uj) were )utric oxide and arsejiiiiretted hydrogen. The 
decomposition, started by the fulminate, is, according to Bcrthelot, 
a d^tofiffSTbn propagated from layer to layer with extreme* rapidity, 
and is of the same iviture as, the ‘‘explo^on wave.” 

In the Journal of the Cheviical Society for 1869, Pr6f. Thoi^e 
stat^l that ho liad discovered accidentally tliat carbon bisuljphide 
could be detonated Vith a bright flame in the same way, yielding a 
mixture of carbon and stilphur. No explosive, he says, would 
cause the decomposition except fulminate of mercury, ai^d the 
brown powder, obtained by the action of a fluid alloy of potassium 
and sodium on ca^’bon bisulphide. The explosion of one-twentieth 
of a gram of mercury fulminate will decompose tlve oarbpn 
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bisulphide vapour filling a tube GOO mms. long and 16 mms. 
diameter. Thorpe accepts Bertlielot’s explanation, which he gives 

follows : “ The shock of the explosion communicates to the 
layer of gaseous molecules in immediate proximity to the fulminate 
an enormous ^active force, whereby the * molecular edifice ’ is 
shaken tc pieces, and the initial active force is' augmented to a 
degree corresponding to the heat evolved in the decomposition of 
the gas. A new shock is thereby produced in the next layer, and 
the action is repeated, and so propagated.” 

According to this view, it would seem that the explosion, once 
initiated in cyanogen, acetylene, or carbon bisulphide, should 
travel as far as the gas extends, and that the rate of explosion 
should conform to the laws governiiig the propagation of the 
explosion wave in gaseous mixtures. It appeared, therefore, of 
interest lo deterznine whether the explosion, set up by the shock 
o£ the fulminate, was propagated along a tube filled with one of 
the gases ; and, if so, to measure the rate at which the flame was 
propagated? 

The first gas tried was acetylene. To produce the shock a 
mixture of acetylene and oxygen (2 vols. to 3), one of the most 
violently explosive gaseous mixtipes, was fired in contact with 
the acetylene. ' A coiled leaden pipe, 13 mms. in diameter and 20 
metres long, was pz’ovided with a glass firing piece and tap at one 
end, and, at the^ other, a <lofcachable tube of strong glass and a 
second tap. The whole was fu’st tilled with acetylene, and then a 
mixture of acetylene and oxygen was driven in at the firing end, so 
as to form a column of about a metre in length. The tajzs were, 
then closed, and the Inixture fired by a spark. The explosion 
made the ** ping ” on the walls charac,terisfcic of extreme violence, 
but the flame did not appear at the further end of the tube. On 
examination it was foun^'l that the great bulk of the acetylene was 
undecomposed. The experiment was repeated, with the same 
result. 

An apparatus was then fitted up, to test the action of fulminate 
of mercury. It consisted of a steel cylinder or bomb,” holding 
about 400 c.c,, provided with a screw top, through which passed 
insulated copjzer wires, and having a tap for admission of gas. 

‘ This was connected by a union joint with a lead tube similar to 
thr,t used in the last experinient, having at its other end a strong 
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glass tube and steel tap. The bore through the joint was not leas 
than that of the tuT)e itself. The fuhninatc used was procured 
from the Roburite Explosives Company, in tlu'. form of detonators 
containing one gram each. •After each explosion tho bond* was 
immediately detached, and tho end of the leaden tube stoppecTby 
a oorfc till its cohtents could be examined. In no ca!&e*was there 
any flame in the glass tube at ti»o other end, and on testing the 
contents of tho tuJbo it was found that the gaa was never decom- 
posed down tho tube for more than about 15 cms. Tho acetylene 
in the tomb itself was decomposed^ anditho sides of the bomb 
were covi^ed ^jfitb a deposit of flue carbon. 

A second series of experiments was then made, in which 
carbon bisulphidS vapoiir was used instead of acetylene. This 
gave a different result. On attaching to the bomb doscrihod a 
stro.ng glass tube metres long, instead of the lead^oiio, ai>d 
filling the wliolo, by exhaustion, with vapour of Cf*l, one oF 
same detona*tors produced complete decomposition of the gas, and 
a deposit of carbon on the whole of the inner surface icft the glass. 
A repetition of the experiment gave a similar result. An attempt 
was then made to measure the rate of transmission of this 
explosion. The passage of the flame down the tube was timed by 
making it Ijreak in turn two silver “ bridges stretched across the 
tube, each bridge being connected with a magneto-electric style 
tracing a mark on a moving plate. In oi'der toYiro the fuljininate • 
at a given moment, tho detoiiiltor was fastened by a caoutchouc 
ring in the end of a firing tube filled with electrolytic gas. This 
firing tube was screwed into the bomb, so that the detonator on 
one side was in contact with the electrolytic mixtuie, and on 
the other with rtie carbon Jiisulplude vapour in the bomb. Tlie 
electrolytic gas was fired by the moving plate of the chronograph, 
and the explosion was t^yinsinitted to tlif fulminate, and so to the 
carbon bisulphide. The bomb, with the dotonUtor in position, 
wassconnected \%ith a \png glass tube, having a silver bridge about 
one metro from thS bomb, anfl a delicate arrangement, capable of 
being adjusted j^o be broken by a shock of greater or less violence 
at the other. The other end of the tube was closed by a tap, and 
the distance between the breaks was five metres. On repeating 
the experiment with this apparatus the decomposition was in no 
case propagated more than about 2*5 metres, the density of J|he 
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deposit decreasing with increasing distance from the bomb. On 

repeating the experiment with a lead tube Goiled up in a water 
bath at 100"', the second bridge circuit was unbroken. The d€?coin- 
position ill the bomb itself is extrejnely violent, and a flash of 
intense yellow ^colour can be seen in the glass tube as far , as the 
explosion ^iKiceeds. ^ ^ 

It appears, .thtiref ore, from these experiments, that thtj decom- 
position by shock of acetylene and cai-bon. bisulphide is not 
proijagated like the explosion wave at a constant velocity as far 
as the gas extends, but that the decomposition set up by the 
fulminate dies out at a distance from the deton?j|ior, vLpending 
\>n the nature of the gas and, probably, also on the intensity of 
the initial shock and tlie cooling power of tlie w^lls. 
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